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"  Verd  scire  est  per  cansM  scire." —Bacon. 

**  The  stony  rocks  are  not  primeval,  bat  the  daughters  of  Time."- 
Syit  Nat  ed.  5.  Stockhobn,  1748,  p.  219. 

"  Amid  all  the  revolutions  of  the  globe  the  economy  of  Nature  has  \m 
and  her  laws  are  the  only  things  that  have  resisted  the  general  mo?€l 
rivers  and  the  rocks,  the  seas  and  the  continents  have  been  changed 
parts ;  but  the  laws  which  direct  those  changes,  and  the  rules  to  whk 
ubject,  have  remained  invariably  the  same.**— Piatf Aim,  lUustrcUkmi 
t<mian  Theory,  §  374. 

**  The  inhabitants  of  the  globe,  like  all  the  other  parts  of  it,  are  subjeel 
It  is  not  only  the  individual  that  perishes  but  whole  species. 

"  A  change  in  the  animal  kingdom  seems  to  be  a  part  of  the  order  of 
is  visible  in  instances  to  which  human  power  cannot  have  extended.'*— 
IUu$trtUkm$  of  the  HuUtmian  Theory,  %  418. 
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PREFACE  TO  THE  NINTH  EDITION. 


The  Principles  of  Geology  in  the  first  five  editions  embraced 
not  only  a  view  of  the  modem  changes  of  the  earth  and  its 
inhabitants,  as  set  forth  in  the  present  work,  but  also  some 
account  of  those  monuments  of  analogous  changes  of  ancient 
date,  both  in  the  organic  and  inorganic  world,  which  it  is  the 
business  of  the  geologist  to  interpret  The  subject  last  men- 
tioned, or  "geology  proper,"  constituted  originally  a  fourth 
book^  now  omitted,  the  same  having  been  enlarged  into  a  sepa- 
rate treatise,  first  published  in  1838,  in  one  volume  12mo«,  and 
called  "  The  Elements  of  Geology,"  afterwards  recast  in  two 
volumes  12mo.  in  1842,  and  again  re-edited  under  the  title  of 
"Manualof  Elementary  Geology,"  in  one  volume  8vo.  in  185L 
The  "  Principles"  and  "  Manual "  thus  divided,  occupy,  with  one 
exception,  to  which  I  shall  presently  allude,  very  different 
ground.  The  "  Principles  "  treat  of  such  portions  of  the  eco- 
nomy of  existing  nature,  animate  and  inanimate,  as  are  illus- 
trative of  Geology,  so  as  to  comprise  an  investigation  of  the 
permanent  effects  of  causes  now  in  action,  which  may  serve  as 
records  to  after  ages  of  the  present  condition  of  the  globe  and 
its  inhabitants.  Such  effects  are  the  enduring  monuments  of 
the  ever-varying  state  of  the  physical  geography  of  the  globe, 
the  lasting  signs  of  its  destruction  and  renovation,  and  the 
memorials  of  the  equally  fluctuating  condition  of  the  organic 
world.  They  may  be  regarded,  in  short,  as  a  symbolical 
language,  in  which  the  earth's  autobiography  is  written. 

In  the  "  Manual  of  Elementary  Geology,"  on  the  other  .hand, 
I  have  treated  hrwBjr  of  the  component  materials  of  the  eaxtVa 
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crust,  their  arrangement  and  relative  position,  and  their  < 
contents,  which,  when  deciphered  by  aid  of  the  key  si 
by  the  study  of  the  modem  changes  above  alluded  to,  rei 
US  the  annals  of  a  grand  succession  of  past  events — a  s( 
revolutions  which  the  solid  exterior  of  the  globe,  and  its 
inhabitants,  have  experienced  in  times  antecedent  to  the  ci 
of  man. 

In  thus  separating  the  two  works,  however,  I  have  re 
in  the  '*  Principles "  (book  i.)  the  discussion  of  some  n 
which  might  fairly  be  regarded  as  common  to  both  tree 
as  for  example,  an  historical  sketch  of  the  early  progr 
geology,  followed  by  a  series  of  preliminary  essays  to  e: 
the  facts  and  arguments  which  lead  me  to  believe  tha 
forces  now  operating  upon  and  beneath  the  earth's  surfaci 
be  the  same,  both  in  kind  and  degree,  as  those  which  at  n 
epochs  have  worked  out  geological  changes.  (See  Analy 
Contents  of  this  work,  p.  ix.) 

If  I  am  asked  whether  the  *'  Principles"  or  the  *'  Ma 
should  be  studied  first,  I  feel  much  the  same  difficult 
answering  the  question  as  if  a  student  should  inquire  wh 
he  ought  to  take  up  first  a  treatise  on  Chemistry,  or  on 
Natural  Philosophy,  subjects  sufficiently  distinct,  yet  inse^ 
bly  connected.     On  the  whole,  while  I  have  endeavourc 
make  each  of  the  two  treatises,  in  their  present  form,  < 
independent  of  the  other,  I  would  recommend  the  read 
study  first  the  modem  changes  of  the  earth  and  its  inhabit 
as  they  are  discussed  in  the  present  volume,  proceeding  a 
wards  to  the  classification  and  interpretation  of  the  monum 
of  more  remote  ages. 

Charles  Lyeli 

11.  HarUy  Street,  London,  May  24.  1853. 
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BOOK  L 
CHAPTER  I. 

Gcologj  defined — Compared  to  History — Its  relation  to  other  Physical  Sciences — 

Not  to  be  confounded  with  Cosmogony. 

Geologt  is  the  science  which  investigates  the  successive  changes 
that  ha?e  taken  place  in  the  organic  and  inorganic  kingdoms  of 
Dttiire;  it  inquires  into  the  causes  of  these  changes,  and  the  influence 
which  they  have  exerted  in  modifying  the  surface  and  external  struc- 
ture of  oar  planet. 

By  these  researches  into  the  state  of  the  earth  and  its  inhabitants 
at  foriDer  periods,  we  acquire  a  more  perfect  knowledge  of  its  present 
condition,  and  more  comprehensive  views  concerning  the  laws  now 
gOTeming  its  animate  and  inanimate  productions.     When  we  study 
historjf  we  obtain  a  more  profound  insight  into  human  nature,  bj 
instituting  a  comparison  between  the  present  and  former  states  of 
aodety.     We  trace  the  long  series  of  events  which  have  gradually 
Jed  to  the  actual  posture  of  affairs ;  and  by  connecting  effects  with 
their  causes,  we  are  enabled  to  classify  and  retain  in  the  memory 
t  multitude  of  complicated  relations — the  various  peculiarities  of 
national  character  —  the  different  degrees  of  moral  and  intellectual 
refinement*  and  numerous  other  circumstances,  which,  without  his- 
torical associations,  would  be  uninteresting  or  imperfectly  understood. 
As  the  present  condition  of  nations  is  the  result  of  many  antecedent 
changes,  some  extremely  remote,  and  others  recent,  some  gradual, 
others  sudden  and  violent ;  so  the  state  of  the  natural  world  is  the 
result  of  a  long  succession  of  events ;  and  if  we  would  enlarge  our 
experience  of  the  present  economy  of  nature,  we  must  investigate  the 
effects  of  her  operations  in  former  epochs. 

We  often  discover  with  surprise,  on  looking  back  into  the  chronicles 
of  nationSy  how  the  fortune  of  some  battle  has  influenced  the  fate  of 
millions  of  our  contemporaries,  when  it  has  long  been  forgotten  by 
the  mass  of  the  population.  With  this  remote  event  we  may  And 
inseparably  connected  the  geographical  boundaries  of  a  great  state, 
the  language  now  spoken  bj  the  inhabitants^  their  peculiar  manners 
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laws,  and  religious  opinions.  But  far  more  afttonishing 
expected  are  the  connections  brought  to  light,  when  we  a 
our  researches  into  the  history  of  nature.  The  form  of  a  • 
configuration  of  the  interior  of  a  country,  the  existence  and  • 
lakes,  valleys,  and  mountains,  can  often  be  traced  to  the  f<» 
valence  of  earthquakes  and  volcanos  in  regions  which  have  1 
undisturbed.  To  these  remote  convulsions  the  present  fc 
some  districts,  the  sterile  character  of  others,  the  elevatio 
above  the  sea,  the  climate,  and  various  peculiarities,  may  be 
referred.  On  the  other  hand,  many  distinguishing  featur 
surface  may  often  be  ascribed  to  the  operation,  at  a  rei 
of  slow  and  tranquil  causes — to  the  gradual  deposition  of 
in  a  lake  or  in  the  ocean,  or  to  the  prolific  increase  of  test 
corals. 

To  select  another  example,  we  find  in  certain  localities  subt 
deposits  of  coal,  consisting  of  vegetable  matter,  formerly  dri 
seas  and  lakes.  These  seas  and  lakes  have  since  been  fiUo 
lands  whereon  tlie  forests  grew  have  disappeared  or  chan| 
form,  the  rivers  and  currents  which  floated  the  vegetable  mi 
no  longer  be  traced,  and  the  plants  belonged  to  species  which 
have  passed  away  from  the  surface  of  our  planet.  Yet  the  coi 
prosperity,  and  numerical  strength  of  a  nation,  may  now  b 
dependent  on  the  local  distribution  of  fuel  determined  by  tha 
state  of  things. 

Greology  is  intimately  related  to  almost  all  the  physical  sd 
history  is  to  the  moral.     An  historian  should,  if  possible,  b 
profoundly  acquainted  with  ethics,  politics,  jurisprudence,  the 
art,  theology ;  in  a  word,  with  all  branches  of  knowledge  I 
any  insight  into  human  affairs,  or  into  the  moral  and  inl 
nature  of  man,  can  be  obtained.     It  would  l^  no  less  desirab 
geologist  should  be  well  versed  in   chemistry,  natural  phi 
mineralogy,  zoology,   comparative   anatomy,  botany ;    in   si 
every  science  relating  to  organic  and  inorganic  nature.     Wj 
accomplishments,   the  historian  and  geologist  would  rareb 
draw  correct  and  philosophical  conclusions  from  the  varioo 
ments  transmitted  to  them  of  former  occurrences.    They  won 
to  what  combination  of  causes  analogous  effects  were  referml 
they  would  often  be  enabled  to  supply,  by  inference,  infc 
concerning  many  events  unrecorded  in  the  defective   arcl 
former  ages.     But  as  such  extensive  acquisitions  are^  scarcel; 
the  reach  of  any  individual,  it  is  necessary  that  men  who  have 
their  lives  to  different  departments  should  unite  their  efforts ; 
the  historian  receives  assistance  from  the  antiquary,  and  fro 
who  have  cultivated  different  branches  of  moral  and  political 
so  the  geologist  should  avail  himself  of  the  aid  of  many  nat 
and  particularly  of  those  who  have  studied  the  fossil  remaini 
species  of  animals  and  plants. 

The  analogy,   however,  of  the  monuments  consulted  in  | 
and  those  available  in  history,  extends  no  farther  than  to  one 
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logtorieal  monuments, — those  which  may  be  said  to  be  undesignedly 
eommanorative  of  former  events.  The  canoes,  for  example,  and 
Mooe  hatchets  found  in  our  peat  bogs,  afford  an  insight  into  the  rude 
irti  and  manners  of  the  earliest  inhabitants  of  our  island  ;  the  buried 
'  eoia  fixes  the  date  of  the  reign  of  some  Roman  emperor  ;  the  ancient 
CMtmpment  indicates  the  districts  once  occupied  by  invading  armies, 
and  the  former  method  of  constructing  military  defences  :  the 
Egyptian  mummies  throw  light  on  the  art  of  embalming,  the  rites^ 
of  lepalture,  or  the  average  stature  of  the  human  race  in  ancient 
Egrpt  This  class  of  memorials  yields  to  no  other  in  authenticity,  but 
it  eottstitntes  a  small  part  only  of  the  resources  on  which  the  his- 
torian relies,  whereas  in  geology  it  forms  the  only  kind  of  evidence 
wMch  is  at  our  command.  For  this  reason  we  must  not  expect  to 
obtain  a  full  and  connected  account  of  any  series  of  events  beyond  the 
reach  of  history.  But  the  testimony  of  geological  monuments,  if 
freqoently  imperfect,  possesses  at  least  the  advantage  of  being  free 
from  all  intentional  misrepresentation.  We  may  be  deceived  in  the 
inferences  which  we  draw,  in  the  same  manner  as  we  often  mistake 
tbe  nature  and  import  of  phenomena  observed  in  the  daily  course  of 
natore ;  but  our  liability  to  err  is  confined  to  the  interpretation,  and, 
if  this  be  correct,  our  information  is  certain. 

It  was  long  before  the  distinct  nature  and  legitimate  objects  of 

geology  were  fully  recognized,  and  it  was  at  first  confounded  with 

many  other  branches  of  inquiry,  just  as  the  limits  of  history,  poetry, 

and  mythology  were  ill-defined  in  the  infancy  of  civilization.     Even 

in  Werner's  time,  or  at  the  close  of  the  eighteenth  century,  geology 

appears  to  have  been  regarded   as  little  other  than  a  subordinate 

department  of  mineralogy ;  and  Desmarest  included  it  under  the  head 

of  Physical  Greography.     But  the  most  common  and  serious  source  of 

eonfusion  arose  from  the  notion,  that  it  was  the  business  of  geology 

to  discover  the  mode  in  which  the  earth  originated,  or,  as  some 

imagined,   to  study  the  effects  of  those  cosmological  causes  which 

were  employed  by  the  Author  of  Nature  to  bring  this  planet  out  of  a 

nascent  and  chaotic  state  into  a  more  perfect  and  habitable  condition. 

Hotton  was  the  first  who  endeavoured  to  draw  a  strong  line  of 

demarcation  between  his  favourite  science  and  cosmogony,  for  he 

declared  that  geology  was  in  nowise  concerned  *'  with  questions  as  to 

the  origin  of  things.*' 

An  attempt  will  be  made  in  the  sequel  of  this  work  to  demonstrate 
that  geology  differs  as  widely  from  cosmogony,  as  speculations 
eoDceming  the  mode  of  the  first  creation  of  man  differ  from  history. 
But,  before  entering  more  at  large  on  this  controverted  question,  it 
win  be  desirable  to  trace  the  progress  of  opinion  on  this  topic,  from 
the  earliest  ages  to  the  commencement  of  the  present  century. 
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CHAPTER  n. 

HISTORICAL  SKETCH  OF  THE  PROGRESS  OF   GEOLOG1 

Oriental  Cosmogonj — Hynms  of  the  Vedas — Institntes  of  M&nh — I 
the  Bocceflsive  destnictioii  and  renoration  of  the  worid — Origin  of  th 
— Common  to  the  Egyptians — Adopted  bj  the  Greeks  —  System  of  ] 
— of  Aristotle — Dogmas  concerning  the  extinction  and  reprodacdon 
and  species — Strabo's  theory  of  eleradon  by  earthquakes  —  Pliny — ( 
Remarks  on  the  knowledge  of  the  Ancients. 

Oriental  Cosmogony. — The  earliest  doctrines  of  the  Im 
Egyptian  schools  of  philosophy  agreed  in  ascribing  the  first 
of  the  world  to  an  omnipotent  and  infinite  Being.    They  o 
also  in  representing  this  Being,  who  had  existed  from  all  etc 
having  repeatedly  destroyed  and  reproduced  the  world  an 
inhabitants.     In  the  sacred  volume  of  the  Hindoos,  called  t 
nances  of  Menu,  comprising  the  Indian  system  of  duties  relig 
civil  we  find  a  preliminary  chapter  treating  of  the  Creation, 
the  cosmogony  is  known  to  have  been  derived  from  earlier 
and  traditions  ;  and  principally  from  certain  hymns  of  high  a 
called  the  Vedas.     These  hymns  were  first  put  together  accc 
Mr.  Colebrooke*,  in  a  connected  series,  about  thirteen  centuri* 
the  Christian  era,  but  they  appear  from  internal  evidence 
been  written  at  various  antecedent  periods.     In  them,  as  ' 
from  the  researches  of  Professor  Wilson,  the  eminent  Sanscrit 
two  distinct  philosophical  systems  are  discoverable.     Acco 
one  of  them,  all  things  were  originally  brought  into  existence 
sole  will  of  a  single  First  Cause,  which  existed  from  etem 
cording  to  the  other,  there  have  always  existed  two  principles 
material,  but  without  form,  the  other  spiritual  and  capable 
pelling  **  inert  matter  to  develope  its  sensible   properties.' 
development  of  matter  into   'individual  and  visible  existei 
called  creation,  and  is  assigned  to  a  subordinate  agent,  or  the 
faculty  of  the  Supreme  Being  embodied  in  the  person  of  Brah 

In  the  first  chapter  of  the  Ordinances  of  Menii  above  allude 
meet  with  the  following  passages  relating  to  former  destructi 
renovations  of  the  world  :  — 

"  The  Being,  whose  powers  are  incomprehensible,  having 
me  (Menu)  and  this  universe,  again  became  absorbed  in  the  i 
spirit,  changing  the  time  of  energy  for  the  hour  of  repose. 

"  When  that  Power  awakes,  then  has  this  world  its  full  exp 
but  when  he  slumbers  with  a  tranquil  spirit,  then  the  whole 

*  Essays  on  the  Philosophy  of  the  Hindoos. 
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fides  away. ....  For  while  he  reposes,  as  it  were,  embodied  spirits 
endowed  with  principles  of  action  depart  from  their  several  acts,  and 
the  mind  itcelf  becomes  inert" 

The  absorption  of  all  beings  into  the  Supreme  essence  is  then 
described,  and  the  Divine  soul  itself  is  said  to  slumber,  and  to  remain 
for  a  time  immersed  in  "  the  first  idea,  or  in  darkness."  After  which 
the  text  thus  proceeds  (verse  fifty-seven),  "  Thus  that  immutable  power 
bj  waking  and  reposing  alternately,  revivifies  and  destroys,  in  eternal 
succession,  this  whole  assembUge  of  locomotive  and  immovable 
crettores. 

It  is  then  declared  that  there  has  been  a  long  succession  of 
m$Mwa9Uar<Uf  or  periods,  each  of  the  duration  of  many  thousand  ages, 
ind— 

"There  are  creations  also,  and  destructions  of  worlds  innume- 
nUe:  the  Being,  supremely  exalted,  performs  all  this  with  as  much 
eye  IS  if  in  sport,  again  and  again,  for  the  sake  of  conferring 
ki^pinesR."* 

No  part  of  the  Ekistem  cosmogony,  from  which  these  extracts  are 
Hide,  is  more  interesting  to  the  geologist  than  the  doctrine,  so  fre- 
quently alluded  to,  of  the  reiterated  submersion  of  the  land  beneath  the 
witers  of  an  universal  ocean.     In  the  beginning  of  things,  we  are  told, 
tlie  First  Sole  Cause  "  with  a  thought  created  the  waters,"  and  then 
ooved  upon  their  surface  in  the  form  of  Brahma  the  creator,  by  wliose 
agency  the  emergence  of  the  dry  land  was  effected,  and  the  peopling 
of  the  earth  with  plants,,  animals,  celestial  creatures,  and  man.     After- 
wards, as  of^n  as  a  general  conflagration  at  the  close  of  each 
oanwantara  had  annihilated  every  visible  and  existing  thing,  Brahma, 
oo  awaking  from  his  sleep,  finds  the  whole  world  a  shapeless  ocean. 
Accordingly,  in  the  legendary  poems  called  the  Puranas,  composed  at 
a  later  date  than  the  Vedas,  the  three  first  Avatars  or  descents  of  the 
Deity  upon  earth  have  for  their  object  to  recover  the  land  from  the 
waters.     For  this  purpose  Vishnu  is  made  successively  to  assume  the 
form  of  a  fish,  a  tortoise,  and  a  boar. 

Extravagant  as  may  be  some  of  the  conceits  and  fictions  which  dis- 
figure these  pretended  revelations,  we  can  by  no  means  look  upon  them 
as  a  pure  effort  of  the  unassisted  imagination,  or  believe  them  to  have 
been  composed  without  regard  to  opinions  and  theories  founded  on 
the  observation  of  Nature.  In  astronomy,  for  instance,  it  is  declared 
that,  at  the  North  Pole,  the  year  was  divided  into  a  long  day  and 
night,  and  that  their  long  day  was  the  northern,  and  their  night  th« 
southern  course  of  the  sun  ;  and  to  the  inhabitants  of  the  moon,  it  is 
said  one  day  is  equal  in  length  to  one  month  of  mortals  f  ^  ^^^^ 
statements  cannot  be  resolved  into  mere  conjectures,  we  have  no 
right    to  refer    to  mere   chance    the  prevailing    notion  that    the 


*  InAitates  of  Hindoo  Law,  or  the  Ordinances  of  Menik,  from  the  Sanscrit, 
tnndated  by  Sir  William  Jones,  1796. 
t  Heoi^  InsL  c.  i  66,  and  67. 
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earth  and  its  inbabitaots  bad  formerlj  undergone  a  aaccc 
revolutions  and  aqueous  catastropbes  interrupted  bj  long  i 
of  tranquillity. 

Now  tbere  are  two  sources  in  wbicb  sucb  a  theory  m 
originated.     The  marks  of  former  convulsions  on  every  par 
surface  of  our  planet  are  obvious  and  striking.     The  rei 
marine  animals  imbedded  in  the  solid  strata  are  so  abunds 
they  may  be  expected  to  force  themselves  on  the  attention  c 
people  who  have  made  some  progress  in  refinement ;  and  es 
where  one  class  of  men  are  expressly  set  apart  from  the  rest, 
ancient  priesthoods  of  India  and  Egypt,  for  study  and  conten 
If  these  appearances  are  once  recognized,  it  seems  natural  1 
mind  should  conclude  in  favour,  not  only  of  mighty  changes 
ages,  but  of  alternate  periods  of  repose  and  disorder; — of 
when  the  animals  now  fossil  lived,  grew  and  multiplied — of  d 
when  the  strata  in  which  they  were  buried  became  transferr 
the  sea  to  the  interior  of  continents,  and  were  uplifVed  so  as 
part  of  high  mountain-chains.     Those  modern  writers,  who  i 
posed  to  disparage  the  former  intellectual  advancement  and  civi 
of  Eastern  nations,  may  concede  some  foundation  of  observed  f 
the  curious  theories  now  under  consideration,  without  indul 
exaggerated  opinions  of  the  progress  of  science ;  especially  as  oi 
catastropbes  of  the  world,  and  exterminations  of  organic  bei 
the  sense  in  which  they  were  understood  by  the  Brahmins,  i 
tenable  doctrines. 

We  know  that  the  Egyptian  priests  were  aware,  not  on 
the  soil  beneath  the  plains  of  the  Nile,  but  that  also  the  hills  be 
the  great  valley,  contained  marine  shells;  and  Herodotus  i 
from  these  facts,  that  all  lower  Egypt,  and  even  the  high  land 
Memphis  had  once  been  covered  by  the  sea.*  As  similaa 
remains  occur  in  all  parts  of  Asia  hitherto  explored,  far 
interior  of  the  continent  as  well  as  near  the  sea,  they  could 
have  escaped  detection  by  some  Eastern  sages  not  less  < 
than  the  Greek  historian  of  reasoning  philosophically  on  ] 
phenomena. 

We  also  know  that  the  rulers  of  Asia  were  engaged'  in  very 
eras  in  executing  great  national  works,  such  as  tanks  and 
requiring  extensive  excavations.     In  the  fourteenth  century 
era,  (in  the  year  1360,)  the  removal  of  soil  necessary  for  such 
takings  brought  to  light  geological  facts,  which  attracted  the  at 
of  a  people  less  civilized  than  were  many  of  the  older  nations 
East     The  historian  Ferishta  relates  that  fifty  thousand  lak 
were  employed  in  cutting  through  a  mound,  so  as  to  form  a  jv 
between  the  rivers  Seliroa  and  Sutlej  ;  and  in  this  mound  were 
the  bones  of  elephants  and  men,  some  of  them  petrified,  and  m 
them  resembling  bone.     The  gigantic  dimensions  attributed 

*  Herodot.  Euterpe,  12. 
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knnuui  bones  show  them  to  have  belonged  to  soiqo  of  the  larger 
pseh jdermata.  * 

Bat  althoagh  the  Brahmins,  like  the  priests  of  Egypt,  may  have 
beoi  acquainted  with  the  existence  of  fossil  remains  in  the  strata,  it 
is  pntihte  that  the  doctrine  of  successive  destructions  and  renovations 
of  the  world,  merely  received  corroboration  from  such  proofs ;  and 
that  it  may  have  been  originally  handed  down,  like  the  religious 
traditions  oi  most  nations,  from  a  ruder  state  of  society.     The  system 
Day  have  had  its  source,  in  part  at  least,  in  exaggerated  accounts 
of  those  dreadful  catastrophes,  which  are  occasioned  by  particular 
tbinations  of  natural  causes.    Floods  and  volcanic  eruptions,  the 
of  water  and  fire,  are  the  chief  instruments  of  devastation  on 
car  globe.     We  shall  point  out  in  the  sequel  the  extent  of  many  of 
tlMse  calamities,  recurring  at  distant  intervals  of  time,  in  the  present 
course  of  nature ;  and  shall  only  observe  here,  that  they  are  so  pe- 
culiarly calculated  to  inspire  a  lasting  terror,  and  are  so  often  fatal  in 
their  consequences  to  great  multitudes  of  people,  that  it  scarcely 
requires  the  passion  for  the  marvellous,  so  characteristic  of  rude  and 
balf-eivilized  nations,  still  less  the  exuberant  imagination  of  Eastern 
writers,  to  augment  them  into  general  cataclysms  and  conflagrations. 
The  great  flood  of  the  Chinese,  which  their  traditions  carry  back  to 
the  period  of  Yaou,  something  more  than  2000  years  before  our  era, 
has  been  identified  by  some   persons  with  the  universal  deluge 
described  in  the  Old  Testament ;  but  according  to  Mr.  Davis,  who 
accompanied  two  of  our  embassies  to  China,  and  who  has  carefully 
examined  their  written  accounts,  the  Chinese  cataclysm  is  therein 
described  as  interrupting  the  business  of  agriculture,  rather  than  as 
involving  a  general  destruction  of  the  human  race.     The  great  Yu 
was  celebrated  for  having  **  opened  nine  channels  to  draw  off  the 
waters,"   which  "  covered  the  low  hills  and  bathed  the  foot  of  the 
highest  mountains."    Mr.  Davis  suggests  that  a  great  derangement  of 
waters  of  the  Yellow  River,  one  of  the  largest  in  the  world,  might 
even  now  cause  the  flood  of  Yaou  to  be  repeated,  and  lay  the  most 
fertile  and  populous  plains  of  China  under  water.    In  modern  times 
the  bursting  of  the  banks  of  an  artificial  canal,  into  which  a  portion 
of  the  Yellow  River  has  been  turned,  has  repeatedly  given  rise  to  the 
most  dreadful  accidents,  and  is  a  source  of  perpetual  anxiety  to  the 
government.    It  is  easy,  therefore,  to  imagine  how  much  greater 
may  have  been  the  inundation^  if  this  valley  was  ever  convulsed  by  a 
violent  earthquakcf 

Humboldt  relates  the  interesting  fact  that,  after  the  annihilation  of 
a  large  part  of  the  inhabitants  of  Cumana,  by  an  earthquake  in  1766, 
a  season  of  extraordinary  fertility  ensued,  in  consequence  of  the 

*  A  Persian  HS.  copj  of  the  historian  has  been  referred  to  at  some  length  by 
Feriafata,  in  the  library  of  the  East  India  Dr.  Backland.  (Geol.  Trans.  2d  Series, 
Company,  reUting  to  the  rise  and  progress  toL  ii  part  iii  p.  389.) 
ci  ihe  Kabotnedau  empire  in  India,  was  f  See  Davis  on  **  Tlie  Chinese,'*  pub- 
procured  by  Colonel  Briggs  from  the  lished  by  tbe  Soc.  for  the  Diffos.  of  Use. 
mmrj  of  Tippoo  Saltan  in  1799 ;  which  Know.  voL  L  pp.  137. 147. 
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great  rains  which  accompanied  the  subterranean  conyulsions. 
Indians,"  he  says,  "  celebrated,  after  the  ideas  of  an  antique 
stition,  by  festivals  and  dancing,  the  destruction  of  the  world 
approaching  epoch  of  its  regeneration."* 

The  existence  of  such  rites  among  the  rude  nations  oj 
America  is  most  important,  as  showing  what  effects  maj  be  p 
bj  local  catastrophes,  recurring  at  distant  interyals  of  time 
minds  of  a  barbarous  and  uncultivated  race.    I  shall  point  ou 
sequel  how  the  tradition  of  a  deluge  among  the  Araucanian 
may  be  explained,  by  reference  to  great  earthquake-waves 
have  repeatedly  rolled  over  part  of  Chili  since  the  first  r 
fiood  of  1 590.  (See  chap.  29.  Book  II.).     The  legend  also  of  the 
Peruvians  of  an  inundation  many  years  before  the  reign  of  th< 
in  which  only  six  persons  were  saved  on  a  float,  relates  to  i 
which  has  more  than  once  been  overwhelmed  by  inroads  of  th 
since  the  days  of  Pizarro  (Chap.  29.  Book  II.).  I  might  refer  thi 
to  my  account  of  the  submergence  of  a  wide  area  in  Cutch  sc 
as  the  year  1819,  when  a  single  tower  only  of  the  fort  of  I 
appeared  above  the  waste  of  waters  (see  Chap.  28.  Book  II.),  if 
necessary,  to  prove  how  easily  the  catastrophes  of  moden 
might  give  rise  to  traditionary  narratives,  among  a  rude  pec 
floods   of  boundless  extent     Nations  without  written  record 
who  are  indebted  for  all  their  knowledge  of  past  events  excli 
to  oral  tradition,  are  in  the  habit  of  confounding  in  one  legend  i 
of  incidents  which  have  happened  at  various  epochs ;  nor  m\ 
forget  that  the  superstitions  of  a  savage  tribe  are  transmitted  tl 
all  the  progressive  stages  of  society,  till  they  exert  a  powerful 
ence  on  the  mind  of  the  philosopher.     He  may  find,  in  the  mom 
of  former  changes  on  the  earth's  surface,  an  apparent  confirmal 
tenets  handed  down  through  successive  generations,  from  tin 
hunter,  whose  terrified  imagination  drew  a  false  picture  of  those 
visitations  of  floods  and  earthquakes,  whereby  the  whole  eai 
known  to  him  was  simultaneously  devastated. 

£ffyptian  Cosmogony.  — Respecting  the  cosmogony  of  the  Egj 
priests,  we  gather  mudi  information  from  writers  of  the  Grecian 
who  borrowed  almost  all  their  tenets  from  Egjpt,  and  amongst  i 
that  of  the  former  successive  destruction  and  renovation  o 
world.!  We  learn  from  Plutarch,  that  this  was  the  theme  of  ( 
the  hymns  of  Orpheus,  so  celebrated  in  the  fabulous  ages  of  Gh 
It  was  brought  by  him  from  the  banks  of  the  Nile  ;  and  we  evei 
in  his  verses,  as  in  the  Indian  systems,  a  definite  period  assigiu 
the  duration  of  each  successive  world.^  The  returns  of  great  < 
trophes  were  determined  by  the  period  of  the  Annus  Magni 
great  year, — a  cycle  composed  of  the  revolutions  of  the  sun,  i 
and  planets,  and  terminating  when  these  return  together  to  the 

*  Humboldt  et  Bonpland,  Yoy.  Relat        f  Flat  de  Defecta  Oracnlonn 

Hitt  ToL  i.  p.  so.  la.     Censorinus  de  Die  NataU. 

f  Frichard*8  Egypt  MythoL  p.  177.        alio  Priduurd's  Egypt  Mythol  p. 
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ligB  whenee  thej  were  supposed  at  some  remote  epoch  to  have  set  oufi 
Ibe  dflnlioii  of  this  great  cycle  was  variouslj  estimated.  According 
t»  Orpbeas,  it  was  120,000  years ;  according  to  others,  800,000 ;  and 
\j  CtssaDder  it  was  taken  to  be  36b,000  years.* 

We  learn  particularly  from  the  TimsBus  of  Plato,  that  the  Egyptians 
beefed  the  world  to  be  subject  to  occasional  conflagrations  and 
dshgei^  whereby  the  gods  arrested  the  career  of  human  wickedness, 
tad  purified  the  earth  from  guilt.  After  each  regeneration,  mankind 
wen  in  a  state  of  yirtue  and  happiness,  from  which  they  gradually 
dqgeaerated  again  into  vice  and  immorality.  From  this  Egyptian 
doetrine,  the  poets  derived  the  fable  of  the  decline  from  the  golden  to 
the  iron  age.  The  sect  of  Stoics  adopted  most  fully  the  system  of 
eitMtrophes  destined  at  certain  intervals  to  destroy  the  world. 
Thow  they  taught  were  of  two  kinds ;— the  Cataclysm  or  destruction 
bj  water,  which  sweeps  away  the  whole  human  race,  and  annihilates 
ill  the  animal  and  vegetable  productions  of  nature;  and  the  Ecpyrosis, 
or  deitniction  by  fire,  which  dissolves  the  globe  itself.  From  the 
iigyptians  also  they  derived  the  doctrine  of  the  gradual  debasement  of 
Bum  fimn  a  state  of  innocence.  Towards  the  termination  of  each  era 
tk  gods  could  no  longer  bear  with  the  wickedness  of  men,  and  a  shock 
of  the  elements  or  a  deluge  overwhelmed  them ;  after  which  calamity, 
iitrea  again  descended  on  the  earth,  to  renew  the  golden  age.t 

The  connection  between  the  doctrine  of  successive  catastrophes 
tad  repeated  deteriorations  in  the  moral  character  of  the  human  race 
is  oiore  intimate  and  natural  than  might  at  first  be  imagined.     For,  in 
t  rode  state  of  society,  all  great  calamities  are  regarded  by  the  people 
ss  judgments  of  God  on  the  wickedness  of  man.     Thus  in  our  own 
time,  the  priests  persuaded  a  large  part  of  the  population  of  Chili,  and 
perhaps  believed  themselves,  that  the  fatal  earthquake  of  1822  was  a 
sign  of  the  wrath  of  Heaven  for  the  great  political  revolution  just 
then  consummated  in  South  America.     In  like  manner^  in  the  account 
given  to  Solon  by  the  Egyptian  priests,  of  the  submersion  of  the 
island  of  Atlantis  under  the  waters  of  the  ocean,  after  repeated  shocks 
of  an  earthquake,  we  find  that  the  event  happened  when  Jupiter  had 
seen  the  moral  depravity  of  the  inhabitants.^    Now,  when  the  notion 
had  once  gained  ground,  whether  from  causes  before  suggested  or 
not,  that  the  earth  had  been  destroyed  by  several  general  catastrophes, 
it  woold  next  be  inferred  that  the  human  race  had  been  as  often 
destroyed  and  renovated.    And  since  every  extermination  was  as- 
sumed to  be  penal,  it  could  only  be  reconciled  with  divine  justice,  by 
the  supposition  that  man,  at  each  successive  creation,  was  regenerated 
in  a  state  of  purity  and  innocence. 

A  very  large  portion  of  Asia,  inhabited  by  the  earliest  nations 
whose  traditions  have  come  down  to  us,  has  been  always  subject  to 
tremendous  earthquakes.  Of  the  geographical  boundaries  of  these, 
and  their  effects,  I  sha)l  speak  in  the  proper  place.     £^ypt  has,  for 

•  FHchard's  Egypt.  MjrthoL  p.  182.  t  I'lato's  Timsens. 

t  Ibid.  p.  193. 
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ti^e  most  part,  been  exempt  from  this  scourge,  and  the  Egjrpti 
trine  of  great  catastrophes  was  probably  derived  in  part,  as 
hinted,  from  earlj  geological  observations,  and  in  part  from  '. 
nations. 

Pythcigorean  Doctrines, ^^'PythtLgomSf  who  resided  for  mo 
twenty  years  in  Egypt,  and  according  to  Cicero,  had  visited  tli 
and  conversed  with  the  Persian  philosophers,  introduced  into  1 
country,  on  his  return,  the  doctrine  of  the  gradual  deterion 
the  human  race  from  an  original  state  of  virtue  and  happinei 
if  we  are  to  judge  of  his  theory  concerning  the  destructi< 
renovation  of  the  earth  from  the  sketch  given  by  Ovid,  w> 
concede  it  to  have  been  far  more  philosophical  than  any 
version  of  the  cosmogonies  of  Oriental  or  Egyptian  sects. 

Although  Pythagoras  is  introduced  by  the  poet  as  deliver 
doctrine  in  person,  some  of  the  illustrations  are  derived  from 
events  which  happened  after  the  death  of  the  pbilosophei 
notwithstanding  these  anachronisms,  we  may  regard  the  aco 
a  true  picture  of  the  tenets  of  the  Pythagorean  school  in  the  Ai 
age ;  and  although  perhaps  partially  modified,  it  must  have  coi 
the  substance  of  the  original  scheme.     Thus  considered,  it 
tremely  curious  and  instructive ;  for  we  here  find  a  comprel 
summary  of  almost  all  the  great  causes  of  change  now  in  acti 
the  globe,  and  these  adduced  in  confirmation  of  a  principle  of 
petual  and  gradual  revolution  inherent  in  the  nature  of  our  ten 
system.     These  doctrines,  it  is  true,  are  not  directly  applied 
explanation  of  geological  phenomena ;  or,  in  other  words,  no  a 
is  made  to  estimate  what  may  have  been  in  past  ages,  or  wh 
hereafter  be,  the  aggregate  amount  of  change  brought  about  b 
never-ending  fluctuations.     Had  this  been  the  case,  we  migk 
been  called  upon  to  admire  so  extraordinary  an  anticipation  in 
less   interest  than  astronomers,   when  they  endeavour  to  def 
what  means  the  Samian  philosopher  came  to  the  knowledge 
Copernican  system. 

Let  us  now  examine  the  celebrated  passages  to  which  we  hav 
adverting  • :  — 

**  Nothing  perishes  in  this  world  ;  but  things  merely  vai 
change  their  form.  To  be  bom,  means  simply  that  a  thing  be| 
be  something  different  from  what  it  was  before;  and  dyi 
ceasing  to  be  the  same  thing.  Yet,  although  nothing  retains  Um 
same  image,  the  sum  of  the  whole  remains  constant."  These  g 
propositions  are  then  confirmed  by  a  series  of  examples,  all  d 
from  natural  appearances,  except  the  first,  which  refers  to  the  | 
age  giving  place  to  the  age  of  iron.  The  illustrations  are 
consecutively  adduced. 

1.  Solid  land  has  been  converted  into  sea. 

2.  Sea  has  been  changed  into  land.     Marine  shells  lie  far  d 
from  the  deep,  and  the  anchor  has  been  found  on  the  summit  of 

•  Orid's  Metamor.  lib.  15. 
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3.  Vaflejs  have  been  excavated  by  running  water,  and  floods  have 
wuhed  down  hiUs  into  the  sea.*  ^ 

i  Manibfts  have  become  dry  ground. 
5.  Dry  lands  have  been  changed  into  stagnant  pools. 
&  Dmring  earthquakes  some  springs  have  been  closed  up,  and  new 
ooM  have  broken  out.     Rivers  have  deserted  their  channels,  and 
litfe  been  re-bom  elsewhere ;  as  the  Erasinus  in  Greece,  and  Mysus 
laAsia. 

7.  The  waters  of  some  rivers,  formerly  sweet,  have  become  bitter ; 
utiiofe  of  the  Anigris  in  Greece,  ftcf 

&  Islaods  have  become  connected  with  the  main  land  by  the  growth 
of  deltas  and  new  deposits ;  as  in  the  case  of  Antissa  joined  to  Lesbos, 
Fbros  to  Egypt,  kc 

9.  Peninsulas  have  been  divided  from  the  main  land,  and  have 
beoorae  islands,  as  Leucadia ;  and  according  to  tradition  Sicily,  the 
Ma  having  carried  away  the  isthmus. 

1(X  Land  has  been  submerged  by  earthquakes ;  the  Grecian  cities 
of  Hfllice  and  Buris,  for  example,  are  to  be  seen  under  the  sea,  with 
their  walls  inclined. 

11.  Plains  have  been  upheaved  into  hills  by  the  confined  air  seeking 
vent,  as  at  Troszene  in  the  Peloponnesus. 

12.  The  temperature  of  some  springs  varies  at  different  periods. 
The  waters  of  others  are  inflammable.^ 

13.  There  are  streams  which  have  a  petrifying  power,  and  convert 
the  substances  which  they  touch  into  marble. 

14.  Extraordinary  medicinal  and  deleterious  effects  are  produced 
by  the  water  of  different  lakes  and  springs.  § 

15.  Some  rocks  and  islands,  after  floating  and  having  been  subject 
to  violent  movements,  have  at  length  become  stationary  and  im- 
moveable, as  Delos,  and  the  Cyanean  Isles.  || 

16.  Volcanic  vents  shif^  their  position ;  there  was  a  time  when 
Etna  was  not  a  burning  mountain,  and  the  time  will  come  when  it 
will  cease  to  bum.  Whether  it  be  that  some  caverns  become  closed 
up  by  the  movements  of  the  earth,  and  others  opened,  or  whether  the 
fuel  is  finally  exhausted,  &c.  &c 


*  EhiTie  moiui  est  dedactns  in  aeqnor,  commonly  attributed  to  mineral  waters. 
T.  267.     The  meaning  pf  this  last  verse        ||  Raspe,  in  a  learned  and  judicious 

is  somewhat  obscure ;  but  taken  with  the  essay  (De  Novis  Insulis,  cap.  19),  has 

context,  may  be  supposed  to  allude  to  made  it  appear  extremely  probable  that 

the  abimding  power  of  floods,  torrents,  all  the  traditions  of  certain  islands  in  the 

■od  men.  Mediterranean  haying  at  some  former 

t  The  impreffnation  from  new  mineral  time  frequently  shifted  their  positions, 

iptings,  caoaed  by  earthquakes  in  volcanic  and  at  length  become  stationary,  origin- 

coontriM,  is  perbapa  here  alluded  ta  ated  in  the  greatchange  produced  in  their 

X  Thai  is  probably  an  allusion  to  the  form  by  earthquakes  and  submarine  erup- 

escape  of  inflammable  gas,  like  that  in  the  tions,  of  which  there  have  been  modem 

district  of  Baku,  west  of  the  Cas{Hati;  at  examples  in  the  new  islands  raised  in  the 

Flecnina]a,intbeTu»canApeDnines;and  time  of  history.     When  the  series  of 

serenl  other  places.  convulsions  ended,  the  island  was  said  to 

§  Mai^   of    those    described    seem  become  fixed. 
fiuiafiil  flctioiis,  like  the  virtue  still  so 
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The  Tvioos  causes  of  change  in  the  Inanimate  wocld  baTing 
thos  enumerated,  die  doctrine  of  eqairocal  genet  atioa  is  next 
poonded,  as  illnstrating  a  corre^ondii^  perpetual  flax  in  lihe  an 


In  the  Egyptian  and  Eastern  cosmogonies,  and  in  the  GredL  t« 
of  them,  no  rerj  definite  meaning  can,  in  general,  be  attached  i 
term  **  destruction  of  the  world;"  for  sometimes  it  would  aeem  i 
to  implj  the  annihilation  of  our  planetary  sjstem,  and  at  others  a 
rerolation  of  the  surface  of  the  earth. 

Opimiams  of  Aristotle. — From  the  works  now  extant  of  An 
and  frtom  the  srstem  of  Prthagoras,  as  ahore  exposed,  we  i 
certainlj  infer  that  these  philosophers  considered  die  agents  of  d 
now  operating  in  nature*  as  capable  of  bringing  about  in  the  k) 
ages  a  complete  reTolution ;  and  the  Stagyrite  even  eonmdera 
^onal  catasttophes;  happeni^  at  distant  intenrak  of  tisae^  as  p 
the  regular  and  ordinary  course  of  nature.  The  deluge  of  Dene 
be  sajs.  afl«cfed  Greece  ob1t«  and  priaeipallT  ^e  part  eaDed  E 
and  it  arase  lixwi  great  inumftstiosK  of  riTers  during  a  minj  w 
But  such  extraoffi&ttrr  winters  he  sajSL  though  after  a  certain  | 
ther  return^  do  not  ahrajs  revisit  the  came  pKcej.t 

Cenmrui^K  quotes  it  as  Aristotk  s  opinion^  that  there  were  g« 
luuudatkMM  of  ^he  gk>b«w  and  that  ^hey  aheraated  with  eonflagrai 
and  that  the  4.vd  ev^ftstimted  the  winter  of  the  great  year,  or 
wuakal  ctv-|i\  whife  the  cvolacTmskaL  or  destrocdon  br  flre^ 
summer  vmt  period  o<  ^reaUKt  heas^  ^  this  pmaage.  as  lipeiui 
piWiKk  W  aat  amplx^bmktssML  Vy  C^oswcizmw  cf  what  i»  utitlen  in 
Metevctck'^  it  »  a  srv«$s  migvprejigit:aSm  oc  the  doctrine  o 
Sl«t^rt^^  ^k-  the  |Cea»Kal  Vunw  %?c  h^  rciasoaing  in  that  ti 
leiMb  cWar^r  in  an  vH.HM«ttte  £c>fv-tiKMu  He  nedfcs  lu  manr  exa 
WT  <lba3(^^f«  uow  vVtti$c:&aL:ly  4MCI^  ^mi;.  aai  i;u&s&  empbifieallT  t 
iprv«i  ty«u^  VI  Wd^  they  nc&t  9cc^^».*«  ut  nie  iuue  of  ages.  1 
«ta)tK>ML  VNartktfeibjr  <tiKjiNi  ^'  iftj:^  »s&:  hial  >fried  m.  aaid  dumt 
Wl  al  Wd^tik  Nevvme  watec^  W  rtv^fc^  sod  iectt!!Eied.  Hit  poi 
iW  ^''vitik  vl:  iW  XlWt&c  IXfltes  ^ciic^  tOt;  i^xme  m"  Hmht,  to  the 
K^«tiK^  sSf  ihe  l>i^  ]ybe\?ti:^  wt»ia  kxrr  j^furs  cum  hm  own 
a«^  a^0(^^«^  ia  l^  ^Mte  cOift^<airc«  ^  j»y»  utroia^  ia£  earthqi 
virt  v»  s*t-Wc^  s>{r  t^  «ufrf  c:>m:t«;s«  he  :Uii;«^  lijmMiC 


)i«   v««>iK««^  <l«•^\>MMVll^   )«tf    «itv    ikiii   vrt:' 
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with  their  effects.*  He  alludes,  for  example,  to  the  upheaving  of  one 
of  the  Eolian  islands  previous  to  a  volcanic  eruption.  **  The  changes 
of  the  earth/  he  says,  '*  are  so  slow  in  comparison  to  the  duration  of 
our  lires,  that  thej  are  overlooked  (\avdav€i) ;  and  the  migrations  of 
peofde  after  great  catastrophes  and  their  removal  to  other  regions, 

cause  the  event  to  he  forgotten."  f 

When  we  consider  the  acquaintance  displayed  hy  Aristotle,  in  his 
various  works,  with  the  destroying  and  renovating  powers  of  Nature, 
the  introductory  and  concluding  passages  of  the  twelfth  chapter  of  his 
^  Meteorics  **  are  certainly  very  remarkable.  In  the  first  sentence  he 
says,  '^The  distribution  of  land  and  sea  in  particular  regions  does  not 
endure  throughout  all  time,  but  it  becomes  sea  in  those  parts  where  it 
was  land,  and  again  it  becomes  land  where  it  was  sea :  and  there  is 
reason  for  thinking  that  these  changes  take  place  according  to  a  cer- 
tain system,  and  within  a  certain  period."  The  concluding  observa- 
tion is  as  follows : — **  As  time  never  fails,  and  the  universe  is  eternal, 
neither  the  Tknais,  nor  the  Nile,  can  have  flowed  for  ever.  The 
places  where  they  rise  were  once  dry,  and  there  is  a  limit  to  their 
operations ;  but  there  is  none  to  time.  So  also  of  all  other  rivers ; 
they  spring  up,  and  they  perish ;  and  the  sea  also  continually  deserts 
some  lands  and  invades  others.  The  same  tracts,  therefore,  of  the 
earth  are  not,  some  always  sea,  and  others  always  continents,  but 
every  thing  changes  in  the  course  of  time." 

It  seems,  then,  that  the  Greeks  had  not  only  derived  from  preced- 
ing nations,  but  had  also,  in  some  slight  degree,  deduced  from  their 
own  observations,  the  theory  of  periodical  revolutions  in  the  inor- 
ganic world :  there  is,  however,  no  ground  for  imagining  that  they 
contemplated  former  changes  in  the  races  of  animals  and  plants.  Even 
the  fact  that  marine  remains  were  enclosed  in  solid  rocks,  although 
observed  by  some,  and  even  made  the  groundvV^ork  of  geological 
speculation,  never  stimulated  the  industry  or  guided  the  inquiries  of 
naturalists.  It  is  not  impossible  that  the  theory  of  equivocal  gene- 
ration might  have  engendered  some  indifference  on  this  subject,  and 
that  a  belief  in  the  spontaneous  production  of  living  beings  from  the 
earth  or  corrupt  matter,  might  have  caused  the  organic  world  to  ap- 
pear so  unstable  and  fluctuating,  that  phenomena  indicative  of  former 
changes  would  not  awaken  intense  curiosity.  The  Egyptians,  it  is 
true,  had  taught,  and  the  Stoics  had  repeated,  that  the  earth  had  once 
given  birth  to  some  monstrous  animals,  which  existed  no  longer ;  but 
the  prevailing  opinion  seems  to  have  been,  that  after  each  great  catas- 
trophe the  same  species  of  animals  were  created  over  again.  This 
tenet  is  implied  in  a  passage  of  Seneca,  where,  speaking  of  a  future 
deluge,  he  says,  "  Every  animal  shall  be  generated  anew,  and  man 
free  from  guilt  shall  be  given  to  the  earth."  | 

An  old  Arabian  version  of  the  doctrine  of  the  successive  revolu- 


^  Lib.  ti.  cap.  14,  15,  and  16.  dabiturqne  tcrris  homo  inscios  scelcmm. 

t  lib.  ii  cap.  14,  15,  and  16.  — Qtuegt  Nat.  iiL  c  29. 

I  Omne  ex  mtegro  animal  generabitar, 
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tions  of  the  globe,  translated  bj  Abraham  Ecchellensis*, 
form  a  singular  exception  to  the  general  role,  for  here  we  fii 
idea  of  different  genera  and  species  haying  been  created.  The 
banites,  a  sect  of  astronomers  who  flourished  some  centuries  1 
the  Christian  era,  taught  as  follows: — **That  after  every  p^^' 
thirtj-six  thousand  four  hundred  and  twenty-five  years,  there 
produced  a  pair  of  every  species  of  animal,  both  male  and  f€ 
from  whom  animals  might  be  propagated  and  inhabit  this  lower  f 
But  when  a  circulation  of  the  heavenly  orbs  was  completed,  wh 
finished  in  that  space  of  years,  other  genera  and  species  of  an 
are  propagated,  as  also  of  plants  and  other  things,  and  the  first 
is  destroyed,  and  so  it  goes  on  for  ever  and  even^f 

Theory  of  Strabo, — As  we  learn  much  of  the  tenets  of  the  1 
tian  and  Oriental  schools  in  the  writings  of  the  Greeks,  so, 
speculations  of  the  early  Greek  authors  are  made  known  to 
the  works  of  the  Augustan  and  later  ages.  Strabo,  in  parti< 
enters  largely,  in  the  second  book  of  his  Geography,  into  the  opi 
of  Eratosthenes  and  other  Greeks  on  one  of  the  most  difficult 
blems  in  geology,  viz.  by  what  causes  marine  shells  came  to  be 
tifully  buried  in  the  earth  at  such  great  elevations  and  dist 
from  the  sea. 

He  notices,  amongst  others,  the  explanation  of  Xanthus  the  L] 
who  said  that  the  seas  had  once  been  more  extensive,  and  thai 
had  afterwards  been  partially  dried  up,  as  in  his  own  time  many 
rivers,  and  wells  in  Asia  had  failed  during  a  season  of  drc 
Treating  this  conjecture  with  merited  disregard,  Strabo  passes 
the  hypothesis  of  Strato,  the  natural  philosopher,  who  had  obs 
that  the  quantity  of  mud  brought  down  by  rivers  into  the  E 
was  so  great,  that  its  bed  must  be  gradually  raised,  while  the  i 
still  continue  to  pour  in  an  undiminished  quantity  of  water, 
therefore,  conceived  that,  originally,  when  the  Euxine  was  an  i 
sea,  its  level  had  by  this  means  become  so  much  elevated  tl 
burst  its  barrier  near  Byzantium,  and  formed  a  communication 
the  Propontis ;  and  this  partial  drainage,  he  supposed,  had  al 
converted  the  left  side  into  marshy  ground,  and  thus,  at  lasi 

*  This  anthor  was  Regius  Professor  of  struitnr  ordo,  sicque  in  infinitan 

Syriac  and  Arabic  at  Paris,  where,  in  dneitur.  —  HiKtor.    Orient.    Supp 

1685,  he  published  a  Latin  translation  Abrahamam  Ecchcllensem,  Sttui 

of   many  Arabian   MSS.    on   different  ronitam,  cap.  7.  et  8.  ad  calcem  CI 

departments  of  philosophy.    This  work  Oricntall    Parisiis,  e  Tjrp.  Regiai 

hat  alwajTS  been  considered  of  high  aa>  foL 
thority.  I  hare  given  the  panctoation  as 

t  Gerbanitsdocebantsingulostriginta  Paris  edition,  there   being  no  ( 

sex  mille  annos  quadringentos,  viginti  after  quinqne ;  but,  at  the  sugges 

quinqne  bina  ex  singulis  animalinm  spe-  M.   dc    Schlegel,   I   have  refent 

cicbus  produci,  marem  scilicet  ac  feminam  number  twenty-five  to  the  period  oi 

ex  quibus  animaliapropagantur,  huncque  and  not  to  the  number  of  pairs  o 

inferiorem  incolunt   orbem.      Absolut^  species  created  at  one  time,  as  I  hai 

antem  ccelestium    orbinm    circulatione,  in  the  two  first  editions.    Fortis  ii 

qa»  illo  annoruro  conficitur  spatio,  ite-  that  twenty-five  new  species  onlj 

nun  alia  producuntnr  animalinm  genera  created  at  a  time  ;  a  construction 

et    species,  quemadmodum    et   planta-  the  passage  will  not  admit     Me 

rum  alianunqne  remm,  et  primus  de-  VHiaL  Nat  de  Tltalie,  voL  L  p.  20 
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wkde  would  be  choked  up  with  soiL  So»  it  was  argued^  the  Medi- 
terranean had  once  opened  a  passage  for  itself  by  the  Columns  of 
Hercules  into  the  Atlantic;  and  perhaps  the  abundance  of  sea-shells 
in  Africa,  near  the  Temple  of  Jupiter  Ammon,  might  also  be  the  de- 
posit of  some  former  inland  sea,  which  had  at  length  forced  a  passage 
and  escaped. 

Bat  Strabo  rejects  this  theory,  as  insufficient  to  account  for  all  the 
phenomena,  and  he  proposes  one  of  his  own,  the  profoundness  of 
whieh  modem  gedogists  are  only  beginning  to  appreciate.  *^  It  is 
not,*  he  mys,  **  because  the  lands  covered  by  seas  were  originally  at 
dilTereot  altitudes,  that  the  waters  have  risen,  or  subsided,  or  receded 
from  some  parts  and  inundated  others.  But  the  reason  is,  that  the 
land  is  sometimes  raised  up  and  sometimes  depressed,  and  the 
also  is  simultaneously  raised  and  depressed,  so  that  it  either  over- 
flows or  returns  into  its  own  place  again.  We  must,  therefore, 
ascribe  the  cause  to  the  ground,  either  to  that  ground  which  is  under 
the  sea,  or  to  that  which  becomes  flooded  by  it,  but  rather  to  that 
which  liea  beneath  the  sea,  for  this  is  more  moveable  and,  on  account 
of  its  humidity,  can  be  altered  with  greater  celerity.*  It  is  proper/* 
he  observes  in  continuation,  *^  to  derive  our  explanations  from  things 
which  are  oinnouSj  and  in  some  measure  of  daily  occurrence,  such  as 
ddmges^  eartkquahes,  and  volcanic  eruptions  f^  and  sudden  swellings 
of  the  land  beneath  the  sea;  for  the  last  raise  up  the  sea  also;  and 
when  the  same  lands  subside  again,  they  occasion  the  sea  to  be  let 
down.  And  it  Js  not  merely  the  small,  but  the  large  islands  also,  and 
not  merely  the  islands,  but  the  continents  which  can  be  lifted  up 
together  with  the  sea ;  and  both  large  and  small  tracts  may  subside, 
for  habitations  and  cities,  like  Bure,  Bizona,  and  many  others,  have 
been  engulphed  by  earthquakes^" 

In  another  place,  this  learned  geographer,  in  alluding  to  the  tra- 
dition that  Sicily  had  been  separated  by  a  convulsion  from  Italy, 
remarks,  that  at  present  the  land  near  the  sea  in  those  parts  was 
rarely  diaken  by  earthquakes,  since  there  were  now  open  orifices 
whereby  fire  and  ignited  matters,  and  waters  escape ;  but  formerly, 
when  the  volcanos  of  Etna,  the  Li  pari  Islands,  Ischia,  and  others, 
were  closed  up,  the  imprisoned  fire  and  wind  might  have  produced 
far  more  vehement  movements.  {  The  doctrine,  therefore,  that  vol- 
canos are  safety-valves,  and  that  the  subterranean  convulsions  are 
probably  most  violent  when  first  the  volcanic  energy  shifts  itself  to  a 
new  quarter,  is  not  modern. 


•    Ml 


Qaod  enim  hoc  attollitnr  ant  sabsi-  quod  roar!  snbest.  Hoc  enim  molto  est 
dit,  ei  viel  inandat  quiedam  loca,  vel  ab  mobilia8,etqaodobhamiditatemceleriiis 
OS  recedit,  ejus  rei  causa  non  est,  quod  mnltari  possit** — Strabo,  Geog.  Edit.  Al- 
alia aliis  sola  hmniliora  sint  ant  altiora ;  melov.  Amst.  1707.  lib.  i 
•ed  quod  idem  solum  modo  attollitnr  f  Volcanic  eruptions^  emptiones  fia- 
Dodo  deprimitnr,  simnlque  edam  modd  tnum,  in  the  Latin  translations,  and  in  the 
attoffitar  modo  deprimitnr,  mare :  itaqne  original  Greek,  ayapwrrjiiara^  gaseous 
?d  cxondat  tbI  in  snnm  redit  locom."  eruptions  ?  or  ii\flatioru  of  laud  ? — Ibid. 

Foflttk,  p.  S8.    **  Bestat,  ut  causam  p.  93. 
adsorilMBDiis  solo,  siTe  quod  mari  snbest        f  Strabo,  lib.  yi.  p.  396. 
■▼«  quod  immdatiir;  potiiks  tamen  ei 


X'~     Hefz 


rac^   TT-'-TS    if  lis 


-—1.:.^    ■    r    -=m   iiz^rr:  '•-n:   z:.  ^    i    -*a2i.'nr    -ria^  lur  I 
•1"    .I'-rii---  -    - 1.  :  i=  •  r  ■  ——IT'-  -  ni-rrriinir  iie  .••:ni] 
jz'-    -. —     '.    i-r    -  — -  "    t:^— -     "•     .    I'T.z  -rr-:ies    jf  imm 
-       -:  :z.    :.  —    .-.    "^n^    "*     '■  THr^    .- niJnuns    Ji    die 

.       _  :--  —    -    :.-  r     -  ^-^  ~    "i-'a  1  T^au^i  3«iok.  luni,  a 


sai. 


17 


CHAPTER  ILL 

HISTORY  OF  THE  FROORESS  OF  GEOLOGY — continued. 

AnUin  writers  of  the  tenth  centary — Avicenna — Omar — Cosmogony  of  the 
KonD^Kazwini^Earlj  Italian  writers — Leonardo  da  Vinci — Fracastoro— 
CoBtrofersy  as  to  the  real  nature  of  fossUs —  Attributed  to  the  Mosaic  deluge — 
Wi«y — Steno — Scilla — Quirini — Bojle — Lister — Leibnitz — Hoofce's  Theory 
of  Elevation  by  Earthquakes — Of  lost  species  of  animals  —  Ray — Fhysico- 
theological  writers — Woodward's  Diluvial  Theory — Burnet — ^Whiston — Vallis- 
oeri^Lazzaro  Moro — Gknerelli — Buffon — His  theory  condemned  by  the 
Sorboone  as  unorthodox — His  declaration — Targioni — Arduino — Michell— 
Gttntt — Raspe — Fuchsd — Fortis — Testa — Whitehurst —PaUas — Saussure. 

AnUan  writers. — After  the  decline  of  the  Roman  empire,  the  cul- 
tiTitioa  of  physical  science  was  first  revived  with  some  success  by  the 
Siraeens,  about  the  middle  of  the  eighth  century  of  our  era.  The 
vorks  of  the  most  eminent  ckssic  writers  were  purchitsed  at  great 
ixpense  from  the  Christians,  and  translated  into  Arabic ;  and  Al 
Ctmiin,  son  of  the  famous  Harun-al-Rashid,  the  contemporary  of 
larlemagne,  received  with  marks  of  distinction,  at  his  court  at 
iigdad,  astronomers  and  men  of  learning  from  different  countries. 
Iiis  caliph,  and  some  of  his  successors,  encountered  much  opposition 
id  jealousy  from  the  doctors  of  the  Mahometan  law,  who  wished  the 
[ioelems  to  confine  their  studies  to  the  Koran,  dreading  the  effects  of 
«  diffusion  of  a  taste  for  the  physical  sciences.* 
Avicenna, — Almost  all  the  works  of  the  early  Arabian  writers  are 
fit.  Amongst  those  of  the  tenth  century,  of  which  fragments  are 
>w  extant,  is  a  short  treatise,  "  On  the  Formation  and  Classification 
*  Minerals, **  by  Avicenna,  a  physician,  in  whose  arrangement  there  is 
msiderable  merit.  The  second  chapter,  "  On  the  Cause  of  Mountains," 
remarkable ;  for  mountains,  he  says,  are  formed,  some  by  essential, 
thers  by  accidental  causes.  In  illustration  of  the  essential,  he  in- 
ances  '*  a  violent  earthquake,  by  which  land  is  elevated,  and  becomes 
mountain;''  of  the  accidental,  the  principal,  he  says,  is  excavation 
Y  water,  whereby  cavities  are  produced,  and  adjoining  lands  made  to 
and  out  and  form  eminences,  f 

Omar — Cosmogony  of  the  Koran. — In  the  same  century  also, 
hnar,  sumamed  "  El  Aalem,"  or  "  The  Learned,"  wrote  a  work  on 
The  Retreat  of  the  Sea."    It  appears  that  on  comparing  the  charts 

•  Mod.  UniT.  Hist.  voL  ii.  chap.  iv.    talL  Ex  essentiali  causa,  ut  ex  vehcmcnti 
sctkn  iii  motu  teme  clevatur  terra,  et  fit  mona. 

t  Homes  quandoque  fiunt  ex  causa    Accidentali,  &c--De  Congelatione  La- 
■eotiali,  qoandoqae  ex  caoaa  acdden-    pidnm,  ed.  Qcdani,  1682. 
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of  his  own  time  with  those  made  by  the  Indian  and  Persian 
mers  two  thousand  years  before,  he  had  satisfied  himself  that  H 
ant  changes  had  taken  place  since  the  times  of  history  in  thi 
of  the  coasts  of  Asia,  and  that  the  extension  of  the  sea  ha^ 
greater  at  some  former  periods.  He  was  confirmed  in  this  opiirf 
the  numerous  salt  springs  and  marshes  in  the  interior  of  Ad 
phenomenon  from  which  Pallas,  in  more  recent  times,  has  draw 
same  inference. 

Von  Hoff  has  suggested,  with  great  probability,  that  the  d) 
in  the  level  of  the  Caspian  (some  of  which  there  is  reason  to  fa 
have  happened  within  the  historical  era),  and  the  geologio 
pearances  in  that  district,  indicating  the  desertion  by  that  sea 
ancient  bed,  had  probably  led  Omar  to  his  theory  of  a  genera 
sidence.    But  whatever  may  have  been  the  proofs  relied  on,  his  f 
was  declared  contradictory  to  certain  passages  in  the  Koran,  f 
was  called  upon  publicly  to  recant  his  errors ;  to  avoid  whicl 
secution  he  went  into  voluntary  banishment  from  Samarkand.* 
The  cosmological  opinions  expressed  in  the  Koran  are  fei 
merely  introduced  incidentally :  so  that  it  is  not  easy  to  unde 
how  they  could  have  interfered  so  seriously  with  free  discuss 
the  former  changes  of  the  globe.     The  Prophet  declares  that  the 
was  created  in  two  days,  and  the  mountains  were  then  placed 
and  during  these,  and  two  additional  days,  the  inhabitants  of  th< 
were  formed ;  and  in  two  more  the  seven  heavens,  f     There 
more  detail  of  circumstances ;  and  the  deluge,  which  is  also  meni 
is  discussed  with  equal  brevity.     The  waters  are  represented  t 
poured  out  of  an  oven ;  a  strange  fable,  said  to  be  borrowed  fn 
Persian  Magi,  who  represented  them  as  issuing  from  the  oven 
old  woman.  {    All  men  were  drowned,  save  Noah  and  his  famil; 
then  God  said,  **  O  earth,  swallow  up  thy  waters ;  and  thou,  O  h 
withhold  thy  rain ;"  and  immediately  the  waters  abated.  § 

TVe  may  suppose  Omar  to  have  represented  the  desertion 
land  by  the  sea  to  have  been  gradual,  and  that  his  hypothesis  re 
a  greater  lapse  of  ages  than  was  consistent  with  Moslem  ortho 
for  it  is  to  be  inferred  from  the  Koran,  that  man  and  this  plane 
created  at  the  same  time  ;  and  although  Mahomet  did  not  lin 
pressly  the  antiquity  of  the  human  race,  yet  he  gave  an  ii 


•  Von  Hoff,  Geschichte  der  Verande-  conceived  it  to  have  been  first  mm 

rungcn  der  Erdoberflache,  voL  i.  p.  406.,  revealed  to  the  Prophet  at  Mec 

who  cites  Delisle,  bey  Hismann  Welt-und  accused  their  opponents  of  belie 

Volkergeschichte.     Alte  Geschichte  I**'  two  eternal  beings.   The  opinioni 

theil,  8.  '234. — Tlie  Arabian  persecutions  of  these  sects  were  taken  up  by  ( 

for  heretical  dogmas  in  theology  were  caliphs  in  succession,  and  the  foll< 

often  very  sanguinary.    In  the  same  ages  each  sometimes  submitted  to  be  be 

wherein  learning  was  most  in  esteem,  the  or  flogged  till  at  the  point  of  deatl 

Mahometans  were  divided  into  two  sects,  than  renounce  their  creed.  —  Mo( 

one  of  whom  maintained  that  the  Koran  Hist.  vol.  il  ch.  iv. 

was  increate,  and  had  subsisted  in  the  f  Koran,  chap,  xll 

very  essence  of  God  from  all  eternity;  and  \  Sale's  Koran,  chap.  xL  see  n 

the  other,  the  Motazalites,  who,  admitting  §  Ibid, 
that  the  Koran  was  instituted  by  God, 
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•anction  to  tbe  Mosaic  chroDologj,  by  the  veneration  expressed  by  him 
for  the  Hebrew  Patriarchs.  * 

A  manuscript  work^  entitled  the  '^  Wonders  of  Nature/'  is  preserved 
in  the  Royal  Library  at  Paris,  by  an  Arabian  writer,  Mohammed 
Kazwini,  who  flourished  in  the  seventh  century  of  the  Hegira,  or  at 
the  close  of  the  tliirteenth  century  of  our  era.f  Besides  several  curious 
remarks  on  aerolites,  earthquakes,  and  the  successive  changes  of 
position  which  the  land  and  sea  have  undergone,  we  meet  with  the 
following  beautiful  passage  which  is  given  as  the  narrative  of  Kidhz, 
an  allegorical  personage  : — "I  passed  one  day  by  a  very  ancient  and 
wonderfully  populous  city,  and  asked  one  of  its  inhabitants  how  long 
it  bad  been  founded.     *  It  is  indeed  a  mighty  city,'  replied  he ;  'we 
know  not  how  long  it  has  existed,  and  our  ancestors  were  on  this 
subject  as  ignorant  as  ourselves.'    Five  centuries  afterwards,  as  I 
passed  by  the  same  place,  I  could  not  perceive  the  slightest  vestige  of 
the  city.     I  demanded  of  a  peasant,  who  was  gathering  herbs  upon 
its  former  site,  how  long  it  had  been  destroyed.     '  In  sooth  a  strange 
question ! '  replied  he.     '  The  ground  here  has  never  been  different 
from  what  you  now  behold  it.' — *  Was  there  not  of  old,'  said  I,  *a 
splendid  city  here  ? ' — '  Never,'  answered  he,  '  so  far  as  we  have  seen, 
and  never  did  our  fathers  speak  to  us  of  any  such.'    On  my  return 
there  500  years  afterwards,  I  found  the  sea  in  the  same  place,  and  on 
its  shores  were  a  party  of  fishermen,  of  whom  I  inquired  how  long 
the  land  had  been  covered  by  the  waters  ?     '  Is  this  a  question,'  said 
they,  '  for  a  man  like  you  ?  this  spot  has  always  been  what  it  is  now.' 
I  again  returned,  500  years  afterwards,  and  the  sea  had  disappeared ; 
I  inquired  of  a  man  who  stood  alone  upon  the  spot,  how  long  ago  this 
change  had  taken  place,  and  he  gave  me  the  same  answer  as  I  had 
received  before.    Lastly,  on  coming  back  again  after  an  equal  lapse  of 
time,  I  found  there  a  flourishing  city,  more  populous  and  more  rich  in 
beautiful  buildings,  than  the  city  I  had  seen  the  first  time,  and  when 
I  would  fuin  have  informed  myself  concerning  its  origin,  the  in- 
habitants answered  me,  '  Its  rise  is  lost  in  remote  antiquity :  we  are 
ignorant  how  long  it  has  existed,  and  our  fathers  were  on  this  subject 
as  ignorant  as  ourselves.'" 

Early  Italian  writers, — It  was  not  till  the  earlier  part  of  the  six- 
teenth century  that  geologicjil  phenomena  began  to  attract  the  attention 
of  the  Christian  nations.  At  that  period  a  very  animated  controversy 
sprang  up  in  Italy,  concerning  the  true  nature  and  origin  of  marine 
sheila,  and  other  organized  fossils,  found  abundantly  in  the  strata  of 
the  peninsula.  The  celebrated  painter  Leonardo  da  Vinci,  who  in  his 
youth  had  planned  and  executed  some  navigable  canals  in  the  north  of 
Italy,  was  one  of  the  flrst  who  applied  sound  reasoning  to  these  subjects. 
The  mud  of  rivers,  he  said,  had  covered  and  penetrated  into  the  in- 


appMnted  master  to  the  Ca-  TFbr&f." — Mod.  Univ.  Hist.  yoL  ii.  ch.  iv. 

Bph  Al  Main&d,  was  mathor  of  a  book  f  Translated  by  MM.  Chezj  and  De 

entitled  *  Tbe  histoiy  of  the  Patriarchs  Sacy,  and  cited  bj  M  £lie  de  Beaumont* 

and  Ph)pbeti»  from  Ike  Creation  of  the  Ann.  des  Scl  Nat.  1832. 
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terior  of  fossil  shells  at  a  time  when  these  were  still  at  the  bol 
the  sea  near  the  coast.  ^  Thej  tell  us  that  these  shells  were ! 
in  the  hills  by  the  influence  of  the  stars ;  but  I  ask  where  in  tl 
are  the  stars  now  forming  shells  of  distinct  ages  and  species  ?  m 
can  the  stars  explain  the  origin  of  gravel,  occurring  at  difierent  I 
and  composed  of  pebbles  rounded  as  if  by  the  motion  of  n 
water ;  or  in  what  manner  can  such  a  cause  account  for  th6 
faction  in  the  same  places  of  various  leaves,  sea-weeds^  and  i 
crabs?"* 

The  excavations  made  in  1517,  for  repairing  the  city  of  1 
brought  to  light  a  multitude  of  curious  petrifactions,  and  fm 
matter  for  speculation  to  different  authors,  and  among  the 
Fracastorof,  who  declared  his  opinion,  that  fossil  shells  1 
belonged  to  living  animals,  which  had  formerly  lived  and  ma 
where  their  exuvisB  are  now  found.  He  exposed  the  absor 
having  recourse  to  a  certain  '^  plastic  force,**  which  it  was  si 
power  to  fashion  stones  into  organic  forms ;  and  with  no  less 
arguments,  demonstrated  the  futility  of  attributing  the  situatioi 
shells  in  question  to  the  Mosaic  deluge,  a  theory  obstinately  df 
by  some.  That  inundation,  he  observed,  was  too  transient ; 
sisted  principally  of  fluviatile  waters ;  and  if  it  had  transporter 
to  great  distances,  must  have  strewed  them  over  the  surfa 
buried  them  at  vast  depths  in  the  interior  of  mountains.  H 
exposition  of  the  evidence  would  have  terminated  the  discuss 
ever,  if  the  passions  of  mankind  had  not  been  enlisted  in  the  d 
and  even  though  doubts  should  for  a  time  have  remained  i 
minds,  they  would  speedily  have  been  removed  by  the  fresh  ii 
tion  obtained  almost  immediately  afterwards,  respecting  the  st 
of  fossil  remains,  and  of  their  living  analogues. 

But  the  clear  and  philosophical  views  of  Fracastoro  wc 
regarded,  and  the  talent  and  argumentative  powers  of  the 
were  doomed  for  three  centuries  to  be  wasted  in  the  discuf 
these  two  simple  and  preliminary  questions;  first,  whethe: 
remains  had  ever  belonged  to  living  creatures ;  and,  secondly,  w 
if  this  be  admitted,  all  the  phenomena  could  not  be  explained 
deluge  of  Noah.  It  had  been  the  general  belief  of  the  CI 
world  down  to  the  period  now  under  consideration,  that  the  oi 
this  planet  was  not  more  remote  than  a  few  thousand  years ;  a 
since  the  creation  the  deluge  was  the  only  great  catastrophe  b] 
considerable  change  had  been  wrought  on  the  earth's  surfac 
the  other  hand,  the  opinion  was  scarcely  less  general,  that  tl 
dissolution  of  our  system  was  an  event  to  be  looked  for  at  no 
period.    The  era,  it  is  true,  of  the  expected  millennium  had 

•  See    Vcnturi's    extracts  from    Da  f  Masenm    CalccoL  — See    ] 

Vinci's  MSS.  now  in  Library  of  In-  Discourse  on  the  Progress  of  the 

stitute  of  France.    They  are  not  men-  Fossil  Conchology  in  Italy,  when 

tioned  by  Brocchi,  and  iny  attention  was  the  following  notices  on  Italiai 

first  called  to  them  by  'hie,  Hallam.    L.  will  be  found  more  at  large. 
da  Yinci  died  jld.  1519. 
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away ;  and  for  five  hundred  years  aflter  the  fatal  hour  when  the  anni- 
hilatioii  of  the  planet  had  been  looked  for,  the  monks  remained  in 
undiBtarbed  enjojrment  of  rich  grants  of  land  bequeathed  to  them  by 
pioQS  donors,  who,  in  the  preamble  of  deeds  beginning  '^  appropin- 

qoante  mundi  termino** '' appropinquante  magno  judicii  die," 

left  lasting  monuments  of  the  popular  delusion.^ 

Bat  although  in  the  sixteenth  century  it  had  become  necessary  to 
interpret  certain  prophecies  respecting  the  millennium  more  liberally, 
and  to  assign  a  more  distant  date  to  the  future  conflagration  of  the 
world,  we  find,  in  the  speculations  of  the  early  geologists,  perpetual 
anoaioii  to  such  an  approaching  catastrophe;  while  in  all  that  re- 
garded the  antiquity  of  the  earth,  no  modification  whatever  of  the 
optniona  of  the  dark  ages  had  been  effected.  Ck>n8iderable  alarm  was 
at  first  excited  when  the  attempt  was  made  to  invalidate,  by  physical 
jMTools,  an  article  of  faith  so  generally  received ;  but  there  was  sufficient 
spirit  of  toleration  and  candour  amongst  the  Italian  ecclesiastics,  to 
allow  the  subject  to  be  canvassed  with  much  freedom.  They  even 
catered  warmly  into  the  controversy  themselves,  often  favouring 
dlfierent  sides  of  the  question ;  and  however  much  we  may  deplore 
the  loss  of  time  and  labour  devoted  to  the  defence  of  untenable  posi- 
tions^ it  must  be  conceded  that  they  displayed  far  less  polemic  bitter- 
ness than  certain  writers  who  followed  them  *^  beyond  the  Alps,"  two 
oentories  and  a  half  later. 

GONTBOVEBST  AS  TO  THE  REAL  NATURE  OF  FOSSIL  ORGANIC 

REMAINS. 

MatOoU — FaUoppio.^^The  system  of  scholastic  disputations,  en- 
couraged in  the  universities  of  the  middle  ages,  had  unfortunately 
trained  men  to  habits  of  indefinite  argumentation ;  and  they  often 
preferred  absurd  and  extravagant  propositions,  because  greater  skill 
was  required  to  maintain  them  ;  the  end  and  object  of  these  intellec- 
tual eombats  being  victory,  and  not  truth.  No  theory  could  be  so  far- 
fetched or  fantastical  as  not  to  attract  some  followers,  provided  it  fell 
in  with  popular  notions ;  and  as  cosmogonists  were  not  at  all  restricted, 
in  building  their  systems,  to  the  agency  of  known  causes,  the  oppo- 
nents of  Fracastoro  met  his  arguments  by  feigning  imaginary  causes, 
which  differed  from  each  other  rather  in  name  than  in  substance. 
Andrea  Mattioli,  for  instance,  an  eminent  botanist,  the  illustrator  of 
Dioscorides,  embraced  the  notion  of  Agricola,  a  skilful  German  miner, 
that  a  certain  '^materia  pinguis,"  or  "fatty  matter,"  set  into  fer- 
mentation by  heat,  gave  birth  to  fossil  organic  shapes.  Yet  Mattioli 
had  come  to  the  conclusion,  from  his  own  observations,  that  porous 
bodies,  such  as  bones  and  shells,  might  be  converted  into  stone,  as 
being  permeable  to  what  he  termed  the  "  lapidifying  juice.*'  In  like 
manner,  Falloppio  of  Padua  conceived  that  petrified  shells  were 

•  la  SicilT,  in  ptrticnlar,  the  title-deeds  bles,  composed  by  the  testators  about  the 
of  many  Talnable  gnuits  of  land  to  the  period  when  the  good  King  Roger  was 
mnnMft*.^^  hjiq  liMded  by  such  pream-    expelling  the  Saracens  from  that  island. 
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generated  by  fermentation  in  the  spots  where  they  are  found,  i 
they  had  in  some  cases  acquired  their  form  from  '*  the  tumu 
movements  of  terrestrial  exhalations."  Although  celebrated 
professor  of  anatomy,  he  taught  that  certain  tusks  of  elephanl 
up  in  his  time  in  Apulia,  were  mere  earthy  concretions;  mxU 
sistently  with  these  principles,  he  even  went  so  far  as  to  oi 
it  probable,  that  the  vases  of  Monte  Testaceo  at  Rome  were  i 
impressions  stamped  in  the  soil*  In  the  same  spirit,  Mercal 
published,  in  1674,  faithful  figures  of  the  fossil  shelb  presen 
Pope  Sixtus  v.  in  the  Museum  of  the  Vatican,  expressed  an  o 
that  they  were  mere  stones,  which  had  assumed  their  p 
configuration  from  the  influence  of  the  heavenly  bodies:  and  C 
Cremona,  who  described  the  fossil  remains  of  a  rich  muse 
Verona,  was  satisfied  with  considering  them  as  mere  ^8p< 
nature." 

Some  of  the  fanciful  notions  of  those  times  were  deemi 
unreasonable,  as  being  somewhat  in  harmony  with  the  Arist 
theory  of  spontaneous  generation,  then  taught  in  all  the  sd 
For  men  who  had  been  taught  in  early  youth,  that  a  large  pro] 
of  living  animals  and  plants  was  formed  from  the  fortuitou 
course  of  atoms,  or  had  sprung  from  the  corruption  of  organic  i 
might  easily  persuade  themselves,  that  organic  shapes,  often 
fectly  preserved  in  the  interior  of  solid  rocks,  owed  their  exist 
causes  equally  obscure  and  mysterious. 

Cardano,  1552.  —  But  there  were  not  wanting  some  who, 
the  progress  of  this  century,  expressed  more  sound  and  sober  op 
The  title  of  a  work  of  Cardano's,  published  in  1552,  "  De  Subti 
(corresponding  to  what  would  now  be  called  Transcendental 
sophy),  would  lead  us  to  expect,  in  the  chapter  on  minerals, 
far-fetched  theories  characteristic  of  that  age ;  but  when  trea 
petrified  shells,  he  decided  that  they  clearly  indicated  the 
sojourn  of  the  sea  upon  the  mountains.^ 

Cesalpino — Majoli,  1597.  —  Cesalpino,  a  celebrated  botanii 
ceived  ihnt  fossil  shells  had  been  left  on  the  land  by  the  retiri 
and  had  concreted  into  stone  during  the  consolidation  of  the 
and  in  the  following  year  (1597),  Simeone  Majoli  ||  went  still  £ 
and,  coinciding  for  the  most  part  with  the  views  of  Cee 
suggested  that  the  shells  and  submarine  matter  of  the  Veronef 
other  districts,  might  have  been  cast  up  upon  the  land  by  t 
explosions,  like  those  which  gave  rise,  in  1538,  to  Monte  ! 
near  Puzzuoli.  This  hint  seems  to  have  been  the  first  im 
attempt  to  connect  the  position  of  fossil  shells  with  the  ag< 
▼olcanos,  a  system  afterwards  more  fully  developed  by 
Lazzaro  Moro,  Hut  ton,  and  other  writers. 


♦  De  Fossilib.  pp.  109.  and  176.  |  Brocchi,  Con.  Fos.  Subap. ! 

t  Aristotle,  On  Animals,  chapters  1.    Pfogrt^ssl  vol  i.  p.  57. 
and  15.  §  Dc  Metallicis. 

y  Dies  Canicularcs. 
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Two  jears  afterwards,  Imperati  advocated  the  animal  origin  of 
foaailixed  shells,  yet  admitted  that  stones  could  vegetate  by  force  of 
**  an  internal  principle ; "  and,  as  evidence  of  this,  he  referred  to  the 
teeth  of  fish  and  spines  of  echini  found  petrified.* 

i\iliMy,  1580.  —  Palissj,  a  French  writer  on  "The  Origin  of 
Springs  from  Rain-water,"  and  of  other  scientific  works,  undertook, 
in  1580,  to  combat  the  notions  of  many  of  his  contemporaries  in 
Italy,  that  petrified  shelb  had  all  been  deposited  by  the  universal 
deluge.  **  He  was  the  first,"  said  Fontenelle,  when,  in  the  French 
Academy,  he  pronounced  his  eulogy,  nearly  a  century  and  a  half 
later,  '^who  dared  assert,"  in  Paris,  that  fossil  remains  of  testacea 
and  fish  had  once  belonged  to  marine  animals. 

F€ibio  Colonna. — To  enumerate  the  multitude  of  Italian  writers, 
who  advanced  various  hypotheses,  all  equally  fantastical,  in  the  early 
part  of  the  seventeenth  century,  would  be  unprofitably  tedious ;  but 
Fabio  Colonna  deserves  to  be  distinguished  ;  for,  although  he  gave 
way  to  the  dogma,  that  all  fossil  remains  were  to  be  referred  to  the 
deluge  of  Noah,  he  resisted  the  absurd  theory  of  Stelluti,  who 
taught  that  fossil  wood  and  ammonites  were  mere  clay,  altered  into 
snch  forms  by  sulphureous  waters  and  subterranean  heat;  and  he 
pcukted  out  the  difierent  states  of  shells  buried  in  the  strata,  dis- 
tinguishing between,  first,  the  mere  mould  or  impression  ;  secondly, 
the  east  or  nucleus ;  and,  thirdly,  the  remains  of  the  shell  itself. 
He  had  also  the  merit  of  being  the  first  to  point  out,  that  some  of  the 
fossils  had  belonged  to  marine  and  some  to  terrestrial  testacea.f 

Sleno,  1669. — But  the  most  remarkable  work  of  that  period  was 
published  by  Steno,  a  Dane,  once  professor  of  anatomy  at  Padua,  and 
who  afterwards  resided  many  years  at  the  court  of  the  Grand  Duke 
of  Tuscany.  His  treatise  bears  the  quaint  title  of  "  De  Solido  intra 
Solidnm  naturaliter  contento  (1669)/'  by  which  the  author  intended 
to  express,  "  On  Gems,  Crystals,  and  organic  Petrifactions  inclosed 
within  solid  Rocks."  This  work  attests  the  priority  of  the  Italian 
school  in  geological  research ;  exemplifying  at  the  same  time  the 
powerful  obstacles  opposed,  in  that  age,  to  the  general  reception  of 
enlarged  views  in  the  science.  It  was  still  a  favourite  dogma,  that 
the  fossil  remains  of  shells  and  marine  creatures  were  not  of  animal 
origin  ;  an  opinion  adhered  to  by  many  from  their  extreme  reluctance 
to  believe,  that  the  earth  could  have  been  inhabited  by  living  beings 
before  a  great  part  of  the  existing  mountains  were  formed.  In 
reference  to' this  controversy,  Steno  had  dissected  a  shark  recently 
taken  from  the  Mediterranean,  and  had  demonstrated  that  its  teeth 
and  bones  were  identical  with  many  fossils  found  in  Tuscany.  He 
had  also  compared  the  shells  discovered  in  the  Italian  strata  with 
living  species,  pointed  out  their  resemblance,  and  traced  the  various 
gradations  from  shells  merely  calcined,  or  which  had  only  lost  their 
animal  gluten,  to  those  petrifactions  in  which  there  was  a  perfect 
sabstitation  of  stony  matter.    In  his  division  of  mineral  masses,  he 

*  Scoria  Katnnde.  f  Osaenr.  sogU  Animali  aqaat  e  terrest  1626. 
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insisted  on  the  secondaiy  ongin  of  thoee  dqioeits  in  wbich  tb 
of  ftnimalfl  or  fragments  of  older  rod^s  were  inclosed.  He 
goished  between  marine  formations  and  those  of  a  flayiatile  chi 
the  last  containing  reeds  grasses^  or  the  trunks  and  branches  o 
He  argued  in  farour  of  the  original  horizontalitj  of  sedimenti 
posits,  attributing  their  present  inclined  and  vertical  posidoi 
times  to  the  escape  of  subterranean  vapours  heaving  the  crusfl 
earth  from  below  upwards,  and  sometimes  to  the  faUing  in  of 
overlying  subterranean  cavities. 

He  declared  that  he  had  obtained  proof  that  Tuscany  must  i 
sivelj  have  acquired  six  distinct  configurations,  having  beei 
covered  by  water,  twice  laid  dry  with  a  level,  and  twice  with  i 
gular  and  uneven  surface.*  He  di^layed  great  anxiety  to  re 
his  new  views  with  Scripture,  for  which  purpose  he  pointed 
tain  rocks  as  having  been  formed  before  the  existence  of  anim 
plants:  selecting  unfortunately  as  examples  certain  format! 
limestone  and  sandstone  in  his  own  country,  now  known  to  c 
though  sparingly,  the  remains  of  animals  and  plants, — strata 
do  not  even  rank  as  the  oldest  part  of  our  secondary  series, 
suggested  that  Moses,  when  speaking  of  the  loftiest  mounti 
having  been  covered  by  the  deluge,  meant  merely  the  loftiest 
hills  then  existing,  which  may  not  have  been  very  high* 
diluvian  waters,  he  supposed,  may  have  issued  from  the  int< 
the  earth  into  which  they  had  retired,  when  in  the  beginni 
land  was  separated  from  the  sea.  These,  and  other  hypothc 
the  same  subject,  are  not  calculated  to  enhance  the  value 
treatise,  and  could  scarcely  fail  to  detract  from  the  authority  a 
opinions  which  were  sound  and  legitimate  deductions  from  fa 
observation.  They  have  served,  nevertheless,  as  the  germs  of 
popular  theories  of  later  times,  and  in  an  expanded  form  hav 
put  forth  as  original  inventions  by  some  of  our  contemporaries 

Scilla,  1670. — Scilla,  a  Sicilian  painter,  published,  in  1 
treatise,  in  Latin,  on  the  fossils  of  Calabria,  illustrated  bj 
engravings.  This  work  proves  the  continued  ascendancy  of  < 
often  refuted ;  for  we  find  the  wit  and  eloquence  of  the  author 
directed  against  the  obstinate  incredulity  of  naturalists  as 
organic  nature  of  fossil  shells.f  Like  many  eminent  natural 
his  day,  Scilla  gave  way  to  the  popular  persuasion,  that  all 
shells  were  the  effects  and  proofs  of  the  Mosaic  deluge.  It  i 
doubted  whether  he  was  perfectly  sincere,  and  some  of  his  ci 
poraries  who  took  the  same  course  were  certainly  not  so.  ] 
eager  were  they  to  root  out  what  they  justly  considered  an  i 
prejudice  respecting  the  nature  of  organized  fossils,  that  they  8< 

*  Sex  itaqne  distinctas  Etniric  facies  of  PaniBciu  in  relief  :—>** I  beUen 

AgnoscimiiB,  dum  bis  fluida,  bis  plana,  the  orator,  **that  the  figure  hog 

et  sicca,  bis  aspera  fucrit,  &c.  resemblance  to  Paniscos,  but  m 

f  Scilla  quotes  the  remark  of  Cicero  that  jon  would  have  deemed  it  sen 

on  the  story  that  a  stone  in  Chios  had  br  Scoi^as ;  for  chance  never  p 

been  deft  open,  and  presented  the  head  i       ites  the  trath.** 
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have  been  ready  to  make  anj  concessioDS^  in  order  to  establish  this 
preliminarj  point.  Such  a  compromising  policy  was  short-sighted^ 
luioe  it  was  to  little  purpose  that  the  nature  of  the  documents  should 
at  length  be  correctly  understood,  if  men  were  to  be  prevented  from 
deducing  fair  conclusions  from  them. 

DUmvial  Theory, — The  theologians  who  now  entered  the  field  in 
Italy,  Grermany,  France,  and  England,  were  innumerable  ;  and 
henceforward,  they  who  refused  to  subscribe  to  the  position,  that  all 
marine  organic  remains  were  proofs  of  the  Mosaic  deluge,  were 
exposed  to  the  imputation  of  disbelieving  the  whole  of  the  sacred 
writings.  Scarcely  any  step  had  been  made  in  approximating  to 
sound  theories  since  the  time  of  Fracostoro,  more  than  a  hundred 
years  having  been  lost,  in  writing  down  the  dogma  that  organized 
fossib  were  mere  sports  of  nature.  An  additional  period  of  a  century 
and  a  half  was  now  destined  to  be  consumed  in  exploding  the  hypo- 
thesis, that  organized  fossils  had  all  been  buried  in  the  solid  strata 
by  Noah's  flood.  Never  did  a  theoretical  fallacy,  in  any  branch 
of  science,  interfere  more  seriously  with  accurate  observation  and 
the  systematic  classification  of  facts.  In  recent  times,  we  may 
attribute  our  rapid  progress  chiefly  to  the  careful  determination  of 
the  order  of  succession  in  mineral  masses,  by  means  of  their  difierent 
organic  contents,  and  their  regular  superposition.  But  the  old 
diluvialists  were  induced  by  their  system  to  confound  all  the  groups 
of  strata  together  instead  of  discriminating, — to  refer  all  appearances 
to  one  cause  and  to  one  brief  period,  not  to  a  variety  of  causes  acting 
throughout  a  long  succession  of  epochs.  They  saw  the  phenomena 
only  as  they  desired  to  see  them,  sometimes  misrepresenting  facts, 
and  at  other  times  deducing  false  conclusions  from  correct  dato. 
Under  the  influence  of  such  prejudices,  three  centuries  were  of  as 
little  avail  as  a  few  years  in  our  own  times,  when  we  are  no  longer 
required  to  propel  the  vessel  against  the  force  of  an  adverse  current. 

It  may  be  well,  therefore,  to  forewarn  the  reader,  that  in  tracing 
the  history  of  geology  from  the  close  of  the  seventeenth  to  the  end  of 
the  eighteenth  century,  he  must  expect  to  be  occupied  with  accounts 
of  the  retardation,  as  well  as  of  the  advance,  of  the  science.  It  will 
be  necessary  to  point  out  the  frequent  revival  of  exploded  errors,  and 
the  relapse  from  sound  to  the  most  absurd  opinions ;  and  to  dwell  on 
futile  reasoning  and  visionary  hypothesis,  because  some  of  the  most 
extravagant  systems  were  invented  or  controverted  by  men  of 
acknowledged  talent.  In  short,  a  sketch  of  the  progress  of  geology  is 
the  history  of  a  constant  and  violent  struggle  of  new  opinions  against 
doctrines  sanctioned  by  the  implicit  faith  of  many  generations,  and 
supposed  to  rest  on  scriptural  authority.  The  inquiry,  therefore, 
although  highly  interesting  to  one  who  studies  the  philosophy  of  the 
human  mind,  is  too  often  barren  of  instruction  to  him  who  searches 
for  truths  in  physical  science. 

Qmrim,  1676.  —  Quirini,  in  1676*,  contended,  in  opposition  to 
fieaUsi  that  the  diluvian  waters  could  not  have  conveyed  heavy  bodies 

*  De  Testacds  fossilibiu  Mas.  Septaliani 
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to  the  summit  of  mountains,  since  the  agitation  of  the  sea  neva 
Bojle  had  demonstrated)  extended  to  great  depths*;  and  still 
could  the  testacea,  as  some  pretended,  have  lived  in  these  dils 
waters;  for  "the  duration  of  the  flood  was  brief,  and  the  heavy  i 
must  hare  destroyed  the  saltness  of  the  sea  I "  He  was  the 
writer  who  ventured  to  maintain  that  the  universality  of 
^losaic  cataclysm  ought  not  to  be  insisted  upon.  As  to  the  m 
of  petrified  shells,  he  conceived  that  as  earthy  particles  united  ii 
sea  to  form  the  shells  of  mollusca,  the  same  crystallizing  pr 
might  be  ctfected  on  the  land ;  and  that,  in  the  latter  caae,  the  g 
of  the  animals  might  have  been  disseminated  through  the  subs< 
of  the  rocks,  and  afterwards  developed  by  virtue  of  hum 
Visionary  as  was  this  doctrine,  it  gained  many  proseljrtes 
amongst  the  more  sober  reasoners  of  Italy  and  Germany;  I 
conceded  that  the  position  of  fossil  bodies  could  not  be  accountc 
bv  the  diluvial  theorv. 

Pioi — Lister,  lt>78. — In  the  mean  time,  the  doctrine  that 
shells  had  never  belonged  to  real  animals  maintained  its  groiii 
England,  where  the  agitation  of  the  question  began  at  a  much 
perioil.  Dr.  Plot,  in  his  **  Natural  History  of  Oxfordshire"  (1 
attributetl  to  a  •'plastic  virtue  latent  in  the  earth"  the  orig 
fi>ssil  shells  and  lishos ;  and  Lister,  to  his  accurate  account  of  B 
shells,  in  lt>T^  addtni  the  fossil  species,  under  the  appellatii 
htrhmatfti  cim/  bir%tirt  stomes.  •*  Either."  said  he,  *•  these  were 
ginous.  or.  if  otherwise,  the  animals  they  so  exactly  represent 
htkx^me  rxrinr/,'*  This  writer  apj>ear^  to  have  been  the  first  wb 
aware  of  iht*  cv^ntinuity  over  largt*  districts  of  the  principal  groi 
stnia  in  the  Rritish  series,  and  whv>  projx^sed  the  construct! 
regular  ges>k\:ical  maj^s.^ 

l.€%hmts:^  It^X — The  jreai  znatbomatioian  Leibnitz  pablish< 
**lVn\^opA"  in  lT>Si\    He  iraair^r.txi  this  p'.anet  to  have  been  orig 
a  buruitta:  laminv^u*  maso^  which  ever  sinc^  its  creation  has 
«n*:ers:\Mng  rvfriivr*:ion,     AVhin  the  out^rr  cms*  had  cooled 
sus!^oJent>  u^  alk^«r  the  v;i:v^ur>?  to  he   \V«iier.sed,  ther  fell 

•  •  • 

R^rtu«>d  a  u:vl\;erwil  vveav.,  iv^t^rir-i:  the  iv^:\ie#s  ssxintains.  and  ii 
iaji:  the  whv>Ie  ^k>Sf.  The  cr.M^t.  as  it  vxv;s»:l:da%d  from  a  st 
fuskvA.  assum^  a  v^-^^^atAr  ariJ  caTerc.v::s  s:nacnir>p ;  and  bein] 
ia  joeee  tC»K>«»,  allowed  the  W1^rr  t.'*  r^isi  :=tj>  the  snblen 
hs^Iv^m*^  wbhrrvbv  tSr  Wvrl  vn:'  tbe  wKs^ex:*!  vv>rJLS  w:i5  lowered. 
hnrJkii;^^;  :a  v^'  th<*f  ras:  cnx^rtts  i*  su:<v*«Ni  t,'»  h^re  given  i 


,^•  *,  Jv  >vuL  '     ».«»  .*>«■*"»  J.,  vxiai.  .vwvv.v»i     3*.»s^,'  .-»>»•    T.vrm&zsk  data;  tkc 

ttk*  A.-«o  .V   i^AM  u^jKvii*^.  «»f^   Am     ^.*K^  .%   3K*  KMv^*^   «<£   £a^:ia 

O's-i    iiir*r^  K-u*^   pkA.>  -•»  '•■.;-^   iK-     ^.uov'  7.  '.i 
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the  dblocated  and  deranged  position  of  the  strata  ^'  which  Steno  had 
described,"  and  the  same  disruptions  communicated  violent  move- 
inenta  to  the  incumbent  waters,  whence  great  inundations  ensued. 
The  waters,  after  thej  had  been  thus  agitated,  deposited  their  sedi- 
mentmrj  matter  during  intervals  of  quiescence,  and  hence  the  various 
stony  and  earthy  strata.  "  We  may  recognise,  therefore,"  says 
Leibnits,  ^  a  double  origin  of  primitive  masses,  the  one  by  refrige- 
ration from  Igneous  fusion,  the  other  by  concretion  from  aqueous 
solatioii.''*  By  the  repetition  of  similar  causes  (the  disruption  of 
the  crost  and  consequent  floods),  alternations  of  new  strata  were 
produced  until  at  length  these  causes  were  reduced  to  a  condition  of 
quiescent  equilibrium,  and  a  more  permanent  state  of  things  was 
e8tabli8hed.t 

Hooke^  1688.  — The  "Posthumous  Works  of  Robert  Hooke,  M-D.," 
well  known  as  a  great  mathematician  and  natural  philosopher,  ap- 
peared in  1705,  containing  "A  Discourse  of  Earthquakes,"  which, 
we  are  informed  by  his  editor,  was  written  in  1668,  but  revised  at 
subsequent  periods.^  Hooke  frequently  refers  to  the  best  Italian  and 
£ngli8h  authors  who  wrote  before  his  time  on  geological  subjects ; 
hot  there  are  no  passages  in  his  works  implying  that  he  participated 
in  the  enlarged  views  of  Steno  and  Lister,  or  of  his  contemporary. 
Woodward,  in  regard  to  the  geographical  extent  of  certain  groups  of 
strata.  His  treatise,  however,  is  the  most  philosophical  production 
of  that  age,  in  regard  to  the  causes  of  former  changes  in  the  organic 
and  inorganic  kingdoms  of  nature. 

"  However  trivial  a  thing,"  he  says,  "  a  rotten  shell  may  appear  to 
some,  yet  these  monuments  of  nature  are  more  certain  tokens  of 
antiquity  than  coins  or  medals,  since  the  best  of  those  may  be  coun- 
terfeited or  made  by  art  and  design,  as  may  also  books,  manuscripts, 
and  inscriptions,  as  all  the  learned  are  now  sufficiently  satisfied  has 
often  been  actually  practised,"  &c. ;  "  and  though  it  must  be  granted 
that  it  is  very  difficult  to  read  them  (the  records  of  nature)  and  to 
TttMMe  a  chronology  out  of  themy  nnd  to  state  the  intervals  of  the  time 
wherein  such  or  such  catastrophes  and  mutations  have  happened,  yet 
it  is  not  impossible."  § 

Respecting  the  extinction  of  species,  Hooke  was  aware  that  the 
fiMsil  ammonites,  nautili,  and  many  other  shells  and  fossil  skeletons 
found  in  England,  were  of  diffisrent  species  from  any  then  known ;  but 
he  doubted  whether  the  species  had  become  extinct,  observing  that 
the  knowledge  of  naturalists  of  all  the  marine  species,  especially  those 

*  Unde  jam  daplez  oiigo  intelligitnr  Mr.  Conybeare^s   Report   to  the  Brit, 

primonun  corporam,  ana,  cum  ab  ignis  Assoc  on  the  Progress  of  Geological 

fuiooe  refrig^cerent,  altera,  cum  recon-  Science,  1832. 

CRtoerent  ex  solutione  aqnanun.  %  Between  the  year    1688   and   his 

t  Bcdeonte  mox  simiii  cans&  strata  death,  in  1703,  he  read  sercral  memoirs 

nhinde  aha  aliis  imponercntnr,  et  facies  to    the    Royal  Society,  and   delivered 

tcncri  adhnc  orbis  aaspiiis  novata  est  lectores  on  various  subjects,  relating  to 

Donee  qniescentibas  cansis,  atque  fcquili-  fossil  remains  and  the  effects  of  earth- 

brartii,   consisteiitior    emergeret    remm  quakes. 

■utoa.— For  mn  able  analysis   of  the  §  Fosth.  Works,  Lecture,   Feb.   29. 

vkwf  of  Leibnitx,  in  his  Frotogoea,  see  1688. 
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inhabiting  the  deep  sea,  was  very  deficient.  In  some  parts  ol 
writings,  however,  he  leans  to  the  opinion  that  species  had  been  1 
and  in  speculating  on  this  subject,  he  even  suggests  that  there  u 
be  some  connection  between  the  disappearance  of  certain  kinj 
animals  and  plants,  and  the  changes  wrought  by  earthquakes  in  fin 
ages.  Some  species,  he  observes,  with  great  sagacity,  are  ^^pea 
to  certain  places^  and  not  to  be  found  elsewhere.  If,  then,  sv 
place  had  been  swallowed  up,  it  is  not  improbable  but  that  f 
animate  beings  may  have  been  destroyed  with  it ;  and  this  ml 
true  both  of  aerial  and  aquatic  animfds :  for  those  animated  be 
whether  vegetables  or  animals,  which  were  naturally  nourished  o 
freshed  by  the  air,  would  be  destroyed  by  the  water,"  &c.*  Tm 
he  adds,  and  such  large  ammonites  as  are  found  in  Portland,  see 
have  been  the  productions  of  hotter  countries ;  and  it  is  necessa 
suppose  that  England  once  lay  under  the  sea  within  the  torrid  i 
To  explain  this  and  similar  phenomena,  he  indulges  in  a  varic 
speculations  concerning  changes  in  the  position  of  the  axis  oi 
earth's  rotation,  '*  a  shifting  of  the  earth's  centre  of  gravity,  analc 
to  the  revolutions  of  the  magnetic  pole,"  &c.  None  of  these  co 
tures,  however,  are  proposed  dogmatically,  but  rather  in  the  ho] 
promoting  fresh  inquiries  and  experiments. 

In  opposition  to  the  prejudices  of  his  age,  we  find  him  ar( 
against  the  idea  that  nature  had  formed  fossil  bodies  '*  for  no  othe 
than  to  play  the  mimic  in  the  mineral  kingdom;" — maintaining 
figured  stones  were  "  really  the  several  bodies  they  represent,  c 
mouldings  of  them  petrified,**  and  '^  not  as  some  have  imagine 
lusus  naturae,*  sporting  herself  in  the  needless  formation  of  11 
beings."  f 

It  was  objected  to  Hooke,  that  his  doctrine  of  the  extincti« 
species  derogated  from  the  wisdom  and  power  of  the  Omnip 
Creator ;  but  he  answered,  that,  as  individuals  die,  there  may  be 
termination  to  the  duration  of  a  species;  and  his  opinions,  he  dec 
were  not  repugnant  to  Holy  Writ :  for  the  Scriptures  taught 
our  system  was  degenerating,  and  tending  to  its  final  dissolu 
"  and  as,  when  that  shall  happen,  all  the  species  will  be  lost,  wfa 
some  at  one  time  and  some  at  another  ?"{ 

•  Posth.  Works,  p.  327.  which  has  for  the  space  of  ten  1 

t  Posth.  Works,    Lecture,  Feb.   1 5.  the  virtue  of  petrifying  wood.**    ] 

1688.    Hooke  explained  with  consider-  interesting  fact  that  the  silicified 

able  clearness,  the  different  modes  where-  of  the  Irawadi  should  hare  attrac 

in  organic  substances  may  become  lapi-  tention  more  than  one  hundred  yei 

dified  ;  and,  among  other  illustrations.  Remarkable  discoveries  have  been 

he  mentions  some  silicified  palm-wood  there  in  later  times  of  fossil  animt 

brought  from  Africa,  on  which  M.  de  la  vegetables,   by  Mr.  Oawfurd  ai 

Hire  had  read  a  memoir  to  the  Royal  Wallich. — Sti  GeoL  Trans,  vol 

Academy  of  Prance  (June,  1692),  where-  iii.  p.  377.  second  series.    I)e  1 

in  he  had  pointed  out,  not  only  the  tubes  cites    Father    Duchatz,  in  tho 

running  the  length  of  the  trunk,  but  the  volume  of  **  Obsen-ations  made 

roots  at  one  extremity.    I>e  la  Hire,  says  Indies  by  the  Jesuits.** 
Hooke,  also  treated  of  certain  trees  found        \  Posth.  Works,    Lecture,   M 

petrified  in  the  **  river  that  passes  by  1689. 
bakan,  in  the  kingdom  of  Ava,  and 
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Bnt  hiB  principal  object  was  to  account  for  the  manner  in  which 
shells  had  been  conveyed  into  the  higher  parts  of  '^  the  Alps,  Apen- 
nines^ and  Fjrrenean  hills,  and  the  interior  of  continents  in  general." 
These  and  other  appearances,  he  said,  might  have  been  brought  about 
by  eartfaqnakes,  ''which  have  turned  plains  into  mountains,  and 
moontmins  into  plains,  seas  into  land,  and  land  into  seas,  made  rivers 
where  there  were  none  before,  and  swallowed  up  others  that  formerly 
werc^  &C.  9tc* ;  and  which,  since  the  creation  of  the  world,  have 
wrought  many  great  changes  on  the  superficial  parts  of  the  earth,  and 
have  been  the  instruments  of  placing  shells,  bones,  plants,  fishes,  and 
the  like,  in  those  places  where,  with  much  astonishment,  we  find 
them."*  This  doctrine,  it  is  true,  had  been  laid  down  in  terms  almost 
equally  explicit  by  Strabo,  to  explain  the  occurrence  of  fossil  shells 
in  the  interior  of  continents,  and  to  that  geographer,  and  other  writers 
of  antiquity,  Hooke  frequently  refers ;  but  the  revival  and  develop- 
ment of  the  system  was  an  important  step  in  the  progress  of  modem 


Hooke  enumerated  all  the  examples  known  to  him  of  subterranean 
disturbance,  from  ''the  sad  catastrophe  of  Sodom  and  Gomorrah," 
down  to  the  Chilian  earthquake  of  1646.  The  elevating  of  the  bottom 
of  the  sea,  the  sinking  and  submersion  of  the  land,  and  most  of  the 
inequalities  of  the  earth's  surface,  might,  he  said,  be  accounted  for  by 
the  agency  of  these  subterranean  causes.  He  mentions  that  the  coast 
near  Naples  loas  raised  during  the  eruption  of  Monte  Nuovo ;  and 
that,  in  1691,  land  rose  in  the  island  of  St.  Michael,  during  an  eruption : 
and  although  it  would  be  more  difiicult,  he  says,  to  prove,  he  does  not 
doubt  but  that  there  had  been  as  many  earthquakes  in  the  parts  of  the 
earth  under  the  ocean,  as  in  the  parts  of  the  dry  land ;  in  confirmation 
of  which,  he  mentions  the  immeasurable  depth  of  the  sea  near  some 
volcanos.  To  attest  the  extent  of  simultaneous  subterranean  move* 
ments,  he  refers  to  an  earthquake  in  the  West  Indies,  in  the  year 
169(^  where  the  space  of  earth  raised,  or  "  struck  upwards,"  by  the 
shock,  exceeded,  he  affirms,  the  length  of  the  Alps  and  Pyrenees. 

Hooke  s  diluvial  theory, — As  Hooke  declared  the  favorite  hypothesis 
of  the  day,  "  that  marine  fossil  bodies  were  to  be  referred  to  Noah's 
flood,"  to  be  wholly  untenable,  he  appears  to  have  felt  himself  called 
upon  to  substitute  a  diluvial  theory  of  his  own,  and  thus  he  became 
involved  in  countless  difficulties  and  contradictions.  "During  the 
great  catastrophe,"  he  said,  '^  there  might  have  been  a  changing  of 
that  part  which  was  before  dry  land  into  sea  by  sinking,  and  of  that 
which  was  sea  into  dry  land  by  raising,  and  marine  bodies  might  have 
been  buried  in  sediment  beneath  the  ocean,  in  the  interval  between 
the  creation  and  the  deluge."  f  Then  follows  a  disquisition  on  the 
separaticm  of  the  land  from  the  waters,  mentioned  in  Genesis ;  during 
which  operation  some  places  of  the  shell  of  the  earth  were  forced 
outwards,  and  others  pressed  downwards  or  inwards,  &c.  His  diluvial 
hypothesis  very  much  resembled  that  of  Steno,  and  was  entirely  op- 

•  Poith.  Works,  p.  312.  t  P<»*h.  Works,  p.  410. 
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posed  to  the  fundamental  principles  professed  by  him,  that  ha' 
explain  the  former  changes  of  the  earth  in  a  more  natural 
than  others  had  done.  When,  in  despite  of  this  declaratk| 
required  a  former  "  crisis  of  nature/'  and  taught  that  eartbqf 
had  become  debilitated,  and  that  the  Alps,  Andes,  and  other  «| 
had  been  lifted  up  in  a  few  months,  he  was  compelled  to  mi 
so  rapid  a  rate  of  change,  that  his  machinery  appeared  scaroalj 
extravagant  than  tha^  of  his  most  fanciful  predecessors.  Foi 
reason,  perhaps,  his  whole  theory  of  earthquakes  met  with  \ 
served  neglect. 

Ray,  1692. — One  of  his  contemporaries,  the  celebrated  natoi 
Ray,  participated  in  the  same  desire  to  explain  geological  phem 
by  reference  to  causes  less  hypothetical  than  those  usually  ra 
to.*     In  his  essay  on  "  Chaos  and  Creation,'*  he  proposed  a  q 
agreeing  in  its  outline,  and  in  many  of  its  details,  with  that  of  H 
but  his  knowledge  of  natural  history  enabled  him  to  elucidal 
subject  with  various  original  observations.     Earthquakes,  ha 
gested,  might  have  been  the  second  causes  employed  at  the  cread 
separating  the  land  from  the  waters,  and  in  gathering  the  i 
together  into  one  place.     He  mentions,  like  Hooke,  the  earth 
of  1646,  which  had  violently  shaken  the  Andes  for  some  hundf 
leagues,  and  made  many  alterations  therein.     In  assigning  a 
for  the  general  deluge,  he  preferred  a  change  in  the  earth's  cei 
gravity  to  the  introduction  of  earthquakes.     Some  unknown 
he  said,  might  have  forced  the  subterranean  waters  outwards,  a 
perhaps,  indicated  by  *'  the  breaking  up  of  the  fountains  of  the 
deep." 

Ray  was  one  of  the  first  of  our  writers  who  enlarged  upc 
effects  of  running  water  upon  the  land,  and  of  the  encroachor 
the  sea  upon  the  shores.  So  important  did  he  consider  the  age 
these  causes,  that  he  saw  in  them  an  indication  of  the  tendency 
system  to  its  final  dissolution ;  and  he  wondered  why  the  ear 
not  proceed  more  rapidly  towards  a  general  submersion  benet 
sea,  when  so  much  matter  was  carried  down  by  rivers,  or  undei 
in  the  sea-cliffs.  We  perceive  clearly  from  his  writings,  th 
gradual  decline  of  our  system,  and  its  future  consummation  I 
was  held  to  be  as  necessary  an  article  of  faith  by  the  orthoc 
was  the  recent  origin  of  our  planet.  His  discourses,  like  tl 
Hooke,  are  highly  interesting,  as  attesting  the  familiar  associa 
the  minds  of  philosophers,  in  the  age  of  Newton,  of  questi 
physics  and  divinity.  Ray  gave  an  unequivocal  proof  of  the  sii 
cf  his  mind,  by  sacrificing  his  preferment  in  the  church,  rathe 
take  an  oath  against  the  Covenanters,  which  he  could  not  re 
with  his  conscience.  His  reputation,  moreover,  in  the  so 
world  placed  him  high  above  the  temptation  of  courting  popi 

•  Ray's  PhyMco-theolojricul  Discourses  and  dcop  insight  into  the  my* 

wcTc' ofsomewhat  later  date  than  Ilooke*s  nature  he   deservedly  honoured 

great  work  on  earthquakes.     lie  speaks  the  Dtlmpe^  ehap.  ir. 
of  Hooke  as  one  **  whom  for  hii  learning 
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by  pandering  to  the  phjsico-theological  taste  of  his  age.  It  is/there- 
fore,  curious  to  meet  with  so  many  citations  from  the  Christian 
fathers  and  prophets  in  his  essays  on  physical  science — to  find  him 
in  one  page  proceeding,  by  the  strict  rules  of  induction,  to  explain  the 
former  changes  of  the  globe,'and  in  the  next  gravely  entertaining  the 
question,  whether  the  sun  and  stars,  and  thg  whole  heavens,  shall  be 
annihilated,  together  with  the  earth,  at  the  era  of  the  grand  confla- 
gration. 

Woodwardy  1696. — Among  the  contemporaries  of  Hooke  and 
Bay,  Woodward,  a  professor  of  medicine,  had  acquired  the  most 
extensive  information  respecting  the  geological  structure  of  the  crust 
of  the  earth.  He  had  examined  many  parts  of  the  British  strata 
with  minute  attention ;  and  his  systematic  collection  of  specimens, 
bequeathed  to  the  University  of  Cambridge,  and  still  preserved 
there  as  arranged  by  him,  shows  how  far  he  had  advanced  in  ascer- 
taining the  order  of  superposition.  From  the  great  number  of  facts 
collected  by  him,  we  might  have  expected  his  theoretical  views  to  be 
more  sound  and  enlarged  than  those  of  his  contemporaries ;  but  in 
his  anxiety  to  accommodate  all  observed  phenomena  to  the  scriptural 
account  of  the  Creation  and  Deluge,  he  arrived  at  most  erroneous 
results.  He  conceived  "the  whole  terrestrial  globe  to  have  been 
taken  to  pieces  and  dissolved  at  the  flood,  and  the  strata  to  have 
settled  down  from  this  promiscuous  mass  as  any  earthy  sediment 
from  a  fluid."*  In  corroboration  of  these  views  he  insisted  upon 
the  fact,  that  "marine  bodies  are  lodged  in  the  strata  according  to 
the  order  of  their  gravity,  the  heavier  shells  in  stone,  the  lighter  in 
chalk,  and  so  of  the  rest.^f  Ray  immediately  exposed  the  unfounded 
nature  of  this  assertion,  remarking  truly  that  fossil  bodies  "  are  often 
mingled,  heavy  with  light,  in  the  same  stratum ;"  and  he  even  went 
so  far  as  to  say,  that  Woodward  "  must  have  invented  the  phenomena 
for  the  sake  of  confirming  his  bold  and  strange  hypothesis''! — a 
itrong  expression  from  the  pen  of  a  contemporary. 

Bumet,  1690. — At  the  same  time  Burnet  published  his  "Theory 
of  the  E4irth."§  The  title  is  most  characteristic  of  the  age,  —  "The 
Sacred  Theory  of  the  Earth ;  containing  an  Account  of  the  Original 
of  the  Earth,  and  of  all  the  general  Changes  which  it  hath  already 
undergone,  or  is  to  undergo,  till  the  Consummation  of  all  Things.'* 
Even  Milton  had  scarcely  ventured  in  his  poem  to  indulge  his  imagi- 
nation 80  freely  in  painting  scenes  of  the  Creation  and  Deluge, 
Paradise  and  Chaos.  He  explained  why  the  primeval  earth  enjoyed 
a  perpetual  spring  before  the  flood  !  showed  how  the  crust  of  the 
gk>be  was  fissured  by  "  the  sun's  rays,"  so  that  it  burst,  and  thus  the 
diluvial  waters  were  let  loose  from  a  supposed  central  abyss.  Not 
aatUfied  with  these  themes,  he  derived  from  the  books  of  the  inspired 
writers,  and  even  from  heathen  authorities,  prophetic  views  of  the 


towards  a  Kaioral  History  of        |  Consequences  of  the  Deluge,  p.  165. 
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future  revolutions  of  the  globe,  gave  a  most  terrific  descriptii 
general  conflagration,  and  proved  that  a  new  heaven  and  a  nei 
will  rise  out  of  a  second  chaos — after  which  will  follow  the 
miUennium. 

The  reader  should  be  informed,  that,  according  to  the  o] 
xnanj  respectable  writers  of  that  age,  there  was  good  8crij| 
ground  for  presuming  that  the  garden  bestowed  upon  our  first  pi 
was  not  on  the  earth  itself,  but  ahme  the  clouds,  in  the  middle  t 
between  our  planet  and  the  moon.  Burnet  approaches  with  beof 
gravity  the  discussion  of  so  important  a  topic.  He  was  wilU 
concede  that  the  geographical  position  of  Paradise  was  not  in .] 
potamia,  yet  he  maintained  that  it  was  upon  the  earth,  and  I 
southern  hemisphere^  near  the  equinoctial  line.  Butler  selecli 
conceit  as  a  fair  mark  for  his  satire,  when,  amongst  the  nai 
accomplishments  of  Hudibras,  he  says, — 

**  He  knew  the  seat  of  Paradise, 
Could,  tell  in  what  degree  it  lies ; 
And,  as  he  was  disposed,  could  prove  it 
Below  the  moon,  or  else  above  it.** 

Tet  the  same  monarch,  who  is  said  never  to  have  slept  w 
Butler's  poem  under  his  pillow,  was  so  great  an  admirer  and 
of  Burnet's  book,  that  he  ordered  it  to  be  translated  from  the 
into  English.  The  style  of  the  "  Sacred  Theory"  was  eloquei 
the  book  displayed  powers  of  invention  of  no  ordinary  stan 
was,  in  fact,  a  fine  historical  romance,  as  Bufibn  afterwar 
dared:  but  it  was  treated  as  a  work  of  profound  science 
time  of  its  author,  and  was  panegyrized  by  Addison  in  a  Lat 
while  Steele  praised  it  in  the  "  Spectator." 

Whiston^   1696.  —  Another  production  of  the  same  schoc 
equally  characteristic  of  the  time,  was  that  of  Whiston,  entith 
New  Theory  of  the  Earth ;  wherein  the  Creation  of  the  W< 
Six  Days,  the  Universal  Deluge,  and  the  General  Confiagrat 
laid  down  in  the  Holy  Scriptures,  are  shown  to  be  perfectly 
able  to  Reason  and  Philosophy."    He  was  at  first  a  folio 
Burnet ;  but  his  faith  in  the  infallibility  of  that  writer  was 
by  the  declared  opinion  of  Newton,  that  there  was  every  presu 
in  astronomy  against  any  former  change  in  the  inclination 
earth's  axis.     This  was  a  leading  dogma  in  Burnetts  system, 
not  original,  for  it  was  borrowed  from  an  Italian,  Alessandr 
Alessandri,  who  had  suggested  it  in  the  beginning  of  the  fi 
century,  to  account  for  the  former  occupation  of  the  present 
nents  by  the  sea.     La  Place  has  since  strengthened  the  argun 
Newton,  against  the  probability  of  any  former  revolution 
kind. 

The  remarkable  comet  of  1680  was  fresh  in  the  memory  o 
one  when  Whiston  first  began  his  cosmological  studies;  f 
principal  novelty  of  his  speculations  consisted  in  attributi 
deluge  to  the  near  approach  to  the  earth  of  one  of  these  erratic 
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HaTUig  Mcribed  an  increase  of  the  waters  to  this  source,  he  adopted 
Woodward's  theory,  supposing  all  stratified  deposits  to  have  resulted 
from  the  ^  chaotic  sediment  of  the  flood/'  Whiston  was  one  of  the 
first  who  ventured  to  propose  that  the  text  of  Grenesis  should  he 
interpreted  differentlj  from  its  ordinarj  acceptation,  so  that  the 
doctrine  of  the  earth  having  existed  long  previous  to  the  creation  of 
man  might  no  longer  be  regarded  as  unorthodox.  He  had  the  art  to 
throw  an  air  of  plansibilitj  over  the  most  improbable  parts  of  his 
theoiy,  and  seemed  to  be  proceeding  in  the  most  sober  manner,  and, 
by  the  aid  of  mathematical  demonstration,  to  the  establishment  of  his 
▼arioos  propositions.  Locke  pronounced  a  panegyric  on  his  theory, 
eonmending  him  for  having  explained  so  many  wonderful  and  before 
iBexplteable  things.  His  book,  as  well  as  Burnet's,  was  attacked  and 
Rfoted  by  KeilL*  Like  all  who  introduced  purely  hypothetical 
caosee  to  account  for  natural  phenomena,  Whiston  retarded  the  pro- 
gress of  truth,  diverting  men  from  the  investigation  of  the  laws  of 
sublonary  nature,  and  inducing  them  to  waste  time  in  speculations 
on  the  power  of  comets  to  drag  the  waters  of  the  ocean  over  the  land 
— on  the  condensation  of  the  vapours  of  their  tails  into  water,  and 
other  matters  equally  edifying. 

ffmiekinsan,  1724. — John  Hutchinson,  who  had  been  employed 
\ff  Woodward  in  making  his  collection  of  fossils,  published  after- 
wards, in  1724,  the  first  part  of  his  *' Moses's  Principia,"  wherein  he 
ridicoled  Woodward's  hypothesis.  He  and  his  numerous  followers 
were  accustomed  to  declaim  loudly  against  human  learning;  and 
they  maintained  that  the  Hebrew  Scriptures,  when  rightly  translated, 
comprised  a  perfect  system  of  naturai  philosophy,  for  which  reason 
they  objected  to  the  Newtonian  theory  of  gravitation. 

Celsius, — Andrea  Celsius^  the  Swedish  astronomer,  published 
about  this  time  his  remarks  on  the  gradual  diminution  and  sinking 
of  the  waters  in  the  Baltic,  to  which  I  shall  have  occasion  to  advert 
more  particularly  in  the  sequel  (ch.  29.). 

Sekeuekzer^  1708.— In  Germany,  in  the  mean  time,  Scheuchzer 
fNibliahed  his  ''Complaint  and  Vindication  of  the  Fishes"  (1708), 
»  Fiadum  Quereke  et  Vindicise,"  a  work  of  zoological  merit,  in  which 
he  gave  some  good  plates  and  descriptions  of  fossil  fish.  Among 
other  conclusions  he  laboured  to  prove  that  the  earth  had  been 
lemodelled  at  the  deluge.  Pluche,  also,  in  1732,  wrote  to  the 
•ame  effect;  while  Holbach,  in  1753,  after  considering  the  various 
attempts  to  refer  all  the  ancient  formations  to  the  flood  of  Noah, 
exposed  the  inadequacy  of  this  cause. 

Italian  Geologists — Vallisneri,  —  I  return  with  pleasure  to  the 
geologists  of  Italy,  who  preceded,  as  has  been  ahready  shown,  the 
naturalists  of  other  countries  in  their  investigations  into  the  ancient 
history  of  the  earth,  and  who  still  maintained  a  decided  pre-eminence. 
They  refuted  and  ridiculed  the  physico-theological  systems  of  Burnet, 

*  An  Raamination  of  Dr.  Burnet's  Theory,  &c.  2d  ed.  1734. 
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WbistoDy  and  Woodward  * ;  while  YalliBneri  f,  in  his  eommtf 
the  Woodwardian  theorj,  remarked  how  much  the  interests  of  rd 
as  well  as  those  of  sound  philosophy,  had  suffered  bj  perpi 
mixing  up  the  sacred  writings  with  questions  in  physical  ai 
The  works  of  this  author  were  rich  in  original  observations*  ] 
tempted  the  first  general  sketch  of  the  marine  deposits  of  Italja 
geographical  extent,  and  most  characteristic  organic  remain 
his  treatise  "  On  the  Origin  of  Springs,"  he  explained  their  d€ 
ence  on  the  order,  and  often  on  the  dislocations,  of  the  atnH 
reasoned  philosophically  against  the  opinions  of  those  who  re| 
the  disordered  state  of  the  earth's  crust  as  exhibiting  signs  i 
wrath  of  God  for  the  sins  of  man.  He  found  himself  undi 
necessity  of  contending,  in  his  preliminary  chapter,  again 
Jerome,  and  four  other  principal  interpreters  of  Scripture,  b 
several  professors  of  divinity,  "  that  springs  did  not  flow  by  » 
ranean  siphons  and  cavities  from  the  sea  upwards,  losing  th« 
ness  in  the  passage,"  for  this  theory  had  been  made  to  rest  < 
infallible  testimony  of  Holy  Writ 

Although  reluctant  to  generalize  on  the  rich  materials  accom 
in  his  travels,  Yallisneri  had  been  so  much  struck  with  the  re 
able  continuity  of  the  more  recent  marine  strata,  from  one  i 
Italy  to  the  other,  that  he  came  to  the  conclusion  that  the 
formerly  extended  over  the  whole  earth,  and  after  abiding  the 
a  long  time,  had  gradually  subsided.  This  opinion,  however  i 
able,  was  a  great  step  beyond  Woodward's  diluvian  hypo 
against  which  Yallisneri,  and  after  him  all  the  Tuscan  geol 
uniformly  contended,  while  it  was  warmly  supported  by  the  me 
of  the  Institute  of  Bologna.  X 

Among  others  of  that  day,  Spada,  a  priest  of  Grezzana,  in 
wrote  to  prove  that  the  petrified  marine  bodies  near  Verona  we 
diluvian.  §  Mattani  drew  a  similar  inference  from  the  sh< 
Vol  terra  and  other  places  :  while  Costantini,  on  the  other 
whose  observations  on  the  valley  of  the  Brenta  and  other  di 
were  not  without  value,  undertook  to  vindicate  the  truth  < 
deluge,  as  also  to  prove  that  Italy  had  been  peopled  by  the  dei 
ants  of  Japhet.|| 

Moro,   1740. — Lazzaro  Moro,  in  his  work  (published  in 
''On   the   Marine  Bodies  which  are  found  in  the  Mountai 
attempted  to  apply  the  theory  of  earthquakes,  as  expound 
Strabo,  Pliny,  and  other  ancient  authors,  with  whom  he  was  fai 
to  the  geological  phenomena  described  by  Vallisneri.**    His  atti 

*  Ramazzini  eren  ancrted,  that  the  ideaa  1  Brocchi,  p.  28. 

of  Burnet  were  mainly  borrowed  from  a  §  Ibid.  p.  33. 

dialof^eofonePfttrizio;  but  Bnxxbi,  after  ||  Ibid. 

reading  that  dialogue,  assures  us,  that  \  Sui  Crostacei  ed  altri  Corpi 

there  was  scarcelj  anj  other  correspond-  che  si  trovano  sui  Monti, 

ence  between  these  systems,  except  that  *^  Moro  does  not  cite  the  w^ 

both  were  equally  whimsicaL  Hooke  and  Ray ;  and  although  m 

t  Dei  Corpi  Marini,  Lettere  critiche,  of  his  views  were  in  accordanc 

&c  1721.  thein»  he  was  probably  ignorant  c 


Ck.  ul]  lazzabo  hobo.  35 

WftB  awakened  to  the  elevating  power  of  subterranean  forces  by  i^ 
lemariLable  phenomenon  which  happened  in  his  own  time,  and  which 
bad  alao  been  noticed  by  Vallisneri  in  his  letters.  A  new  island  rose 
in  1707  from  deep  water  in  the  Golf  of  Santorin  in  the  Mediter-* 
iinean,  during  continued  shocks  of  an  earthquake,  and,  increasing 
rapidlj  in  mze,  grew  in  less  than  a  month  to  be  half  a  mile  in 
cireamference^  and  about  twentj-fiye  feet  above  high-water  matk^ 
It  was  soon  afterwards  covered  by  volcanic  ejections,  but,  when  first 
examined,  it  was  found  to  be  a  white  rock,  bearing  on  its  surface 
living  ojaters  and  Crustacea.  In  order  to  ridicule  the  various  theories 
then  in  vogne,  Moro  ingeniously  supposes  the  arrival  on  this  new 
island  of  a  party  of  naturalists  ignorant  of  its  recent  origin.  One 
immediately  points  to  the  marine  shells,  as  proofs  of  the  universal 
deloge ;  another  argues  that  they  demonstrate  the  former  residence 
of  the  sea  upon  the  mountains ;  a  third  dismisses  them  as  mere 
9pari$  of  nature ;  while  a  fourth  affirms,  that  they  were  bom  and 
nourished  within  the  rock  in  ancient  caverns,  into  which  salt  water 
had  been  raised  in  the  shape  of  vapour  by  the  action  of  subterranean 
heat. 

Moro  pointed  with  great  judgment  to  the /auZ^  and  dislocations  of 
the  strata  described  by  Vallisneri,  in  the  Alps  and  other  chains,  in 
confirmation  of  his  doctrine,  that  the  continents  had  been  heaved  up 
by  subterranean  movements.  He  objected,  on  solid  grounds,  to  the 
hypothesis  of  Burnet  and  of  Woodward;  yet  he  ventured  so  far  to 
disregard  the  protest  of  Vallisneri,  as  to  undertake  the  adaptation  of 
every  part  of  his  own  system  to  the  Mosaic  account  of  the  creation. 
On  tiie  third  day,  he  said,  the  globe  was  every  where  covered  to  the 
same  depth  by  fresh  water ;  and  when  it  pleased  the  Supreme  Being 
thstthe  dryland  should  appear,  volcanic  explosions  broke  up  the 
smooth  and  r^ular  surface  of  the  earth  composed  of  primary  rocks. 
These  rose  in  mountain  masses  above  the  waves,  and  allowed  melted 
metab  and  salts  to  ascend  through  fissures.  The  sea  gradually 
acquired  its  saltness  from  volcanic  exhalations,  and,  while  it  became 
more  circumscribed  in  area,  increased  in  depth.  Sand  and  ashes 
geeted  by  volcanos  were  regularly  disposed  along  the  bottom  of  the 
ocean,  and  formed  the  secondary  strata,  which  in  their  turn  were 
lifted  np  by  earthquakes.  We  need  not  follow  this  author  in  tracing 
the  progress  of  the  creation  of  vegetables  and  animals  on  the  other 
days  of  creation  ;  but,  upon  the  whole,  it  may  be  remarked,  that  few 
of  the  old  cosmological  theories  had  been  conceived  with  so  little 
vii^tion  of  known  analogies. 

Generelies  illustraiums  of  Mora,  1749.— The  style  of  Moro  was 
extremely  prolix,  and,  like  Hutton,  who,  at  a  later  period,  advanced 
many  of  the  same  views,  he  stood  in  need  of  an  illustrator.  The 
Scotch  geologist  was  hardly  more  fortunate  in  the  advocacy  of 
"*"*    *  '  r,  than  was  Moro  in  numbering  amongst  his  admirers  Cirillo 


wrhi]igi.fiDr  thej  had  not  been  translaied.    Woodward,  we  may  presome  that  he  did 
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Generelliy  who,  nine  jears  afterwards,  delivered  at  a  aitti 
Academicians  at  Cremona  a  spirited  exposition  of  his  theovj* 
learned  Carmelitan  friar  does  not  pretend  to  hare  been  an  m 
observer,  bat  he  had  studied  gnfficientlj  to  enable  him  to  eonfii 
opinions  of  Moro  bj  arguments  from  other  writers;  and  bis  ad 
of  the  doctrines  then  best  established  is  so  judicious,  that  i 
abstract  of  them  cannot  fail  to  be  acoeptable,  as  illustrating  tb 
of  geology  in  Europe,  and  in  Italj  in  particular,  before  the  inic 
the  last  century. 

The  bowels  of  the  earth,  says  he,  have  carefully  preaem 
memorials  of  past  events,  and  this  truth  the  marine  prodaeti 
frequent  in  the  hills  attest    From  the  reflections  of  Lasnro 
we  may  assure  ourselves  that  these  are  the  effects  of  earthqui 
past  times,  which  have  changed  vast  spaces  of  sea  into  terrti 
and  inhabited  lands  into  seas.    In  this,  more  than  in  any 
department  of  physics,   are  observations  and  experiments 
pensable,  and  we  must  diligently  consider  facts.     The  land  ia  I 
wherever  we  make  excavations,  to  be  composed  of  different  at 
soils  placed  one  above  the  other,  some  of  sand,  some  of  rock,  i 
chalk,  others  of  marl,  coal,  pummice,  gypsum,  lime,  and  th 
These  ingredients  are  sometimes  pure,  and  sometimes  ooofoae 
termixed.     Within  are  often  imprisoned  different  marine  fislu 
dried  munmiies,  and  more  frequently  shells,  Crustacea,  corals, 
&C.,  not  only  in  Italy,  but  in  France,  Germany,  England,  Africi 
and  America ;  -—  sometimes  in  the  lowest,  sometimes  in  the 
beds  of  the  earth,  some  upon  the  mountains,  some  in  deep 
others  near  the  sea,  and  others  hundreds  of  miles  distant  fi 
Woodward  conjectured  that  these  marine  bodies  might  be 
every  where ;  but  there  are  rocks  in  which  none  of  them  occa 
sufficiently  attested  by  Vallisneri   and  MarsilH.     The  renu 
fossil  animals  consist  chiefly  of  their  more  solid  parts,  and  tb 
rocky  strata  must  have  been  soft  when  such  exuviaa  were  incl 
them.     Vegetable  productions  are  found  in  different  states  of 
rity,  indicating  that  they  were  imbedded  in  different  seasons 
phants,  elks,  and  other  terrestrial  quadrupeds,  have  been  fc 
England  and  elsewhere,  in  superficial  strata,  never  covered 
sea.     Alternations  are  rare,  yet  not  without  example,  of  marini 
with  those  which  contain  marshy  and  terrestrial  productions, 
animals  are  arranged  in  the  subterraneous  beds  with  admirabh 
in  distinct  groups,  oysters  here,  dentalia  or  corals  there,  &C.,  i 
according  to  Marsilli^,  on  the  shores  of  the  Adriatic.     W 
abandon  the  doctrine,  once  so  popular,  which  denies  that  or] 
fossils  were  derived  from  living  beings,  and  we  cannot  accc 
their  present  position  by  the  ancient  theory  of  Strabo,  nor  by 
Leibnitz,  nor  by  the  universal  deluge,  as  explained  by  Wo 
and  others ;  ^  nor  is  it  reasonable  to  call  the  Deity  capricious! 
the  stage,  and  to  make  him  work  miracles  for  the  sake  of  con 

*  Saggio  fisico  intorao  alia  Storia  del  liarc,  i>art  I  p  S4. 
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our  preooooeiTed  hypothesis."— '^  I  hold  in  utter  abomination,  most 
learned  Academicians!  those  systems  which  are  built  with  their 
foondatioiis  in  tiie  air,  and  cannot  be  propped  up  without  a  miracle ; 
aad  I  mdertakey  with  the  assistance  of  Moro^  to  explain  to  you  how 
tiieae  marise  animals  were  transported  into  the  mountains  by  natural 


A  brief  abatract  then  follows  of  Moro's  theory,  by  which,  says 
CeDeieffi,  we  may  explain  all  the  phenomena,  as  Yallisneri  so  ardently 
desired,  **wiikaui  violence^  wUhaui  ficHonty  toUhaui  hypothesity  with*' 
9tU  tmiraeiei/''f  The  Carmelitan  then  proceeds  to  straggle  against 
an  dmoos  objection  to  Moro's  system,  considered  as  a  method  of 
explaining  the  revolutions  of  the  earth,  naiurcMy.  If  earthquakes 
hare  been  the  agents  of  such  mighty  changes,  how  does  it  happen 
that  their  effects  since  the  times  of  history  have  been  so  inconsiderable? 
This  same  difficulty  had,  as  we  have  seen,  presented  itself  to  Hooke, 
half  a  eentnry  before,  and  forced  him  to  resort  to  a  former  ''  crisis  of 
nature:*  but  G^erelli  defended  his  position  by  showing  how  name* 
rous  were  the  accounts  of  eruptions  and  earthquakes,  of  new  islands, 
and  of  elevations  and  subsidences  of  land,  and  yet  how  much  greater 
m  nnmber  of  like  events  must  have  been  unattested  and  unrecorded 
during  the  last  six  thousand  years.  He  also  appealed  to  Yallisneri 
as  an  authority  to  prove  that  the  mineral  masses  containing  shells 
bore,  upon  the  whole,  but  a  small  proportion  to  those  rocks,  which 
were  destitute  of  organic  remains ;  and  the  latter,  says  the  learned 
monk,  might  have  been  created  as  they  now  exist,  in  the  beginning, 

Generdli  then  describes  the  continual  waste  of  mountains  and  con* 
tinenta,  by  the  action  of  rivers  and  torrents,  and  concludes  with  these 
doqnoit  and  original  observations :  —  "  Is  it  possible  that  this  waste 
dioald  have  continued  for  six  thousand,  and  perhaps  a  greater  number 
nf  yean,  and  that  the  mountains  should  remain  so  great,  unless  their 
Toina  have  been  repaired  ?  Is  it  credible  that  the  Author  of  Nature 
dioold  have  founded  -the  world  upon  such  laws,  as  that  the  dry  land 
ahottld  for  ever  be  growing  smaller,  and  at  last  become  wholly  sub- 
merged beneath  the  waters?  Is  it  credible  that,  amid  so  many 
created  things,  the  mountains  alone  should  daily  diminish  in  number 
and  bulk,  without  there  being  any  repair  of  their  losses  ?  This  would 
be  eoatrary  to  that  order  of  Providence  which  is  seen  to  reign  in  all 
otlMf  things  in  the  universe.  Wherefore  I  deem  it  just  to  conclude, 
that  the  same  cause  which,  in  the  beginning  of  time,  raised  mountains 
from  the  abyss,  has  down  to  the  present  day  continued  to  produce 
odiers,  in  order  to  restore  fVom  time  to  time  the  losses  of  all  such  as 
rink  down  in  different  places,  or  are  rent  asunder,  or  in  other  way 
aolfer  disintegration.     If  this  be  admitted,  we  can  easily  understand 


*  ^  Abboauno  al  sommo  qmdsivoglia  Mare»  &c.  1749. 

■MM,  die  na  di  pianta  febbricato  in        f  *'Seiizaviolenze,8enzafinzioni,BeTiza 

«— »  BMMiiiie  qaaodo  h  tale,  che  non  sapposti,  ienza  miracoH"    De*  Crostacei 

]KMa  toatenerri  senxa  un  miracolo,*'  &c.  e  di  altre  Produz.  del  Mare,  &c  1749. 
«— Do*  Cmtaod  e  di  altre  Pkoduz.  del 
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wh J  there  should  now  be  found  upon  manj  monntains  so  9 
number  of  Crustacea  and  other  marine  animals.''  1 

Iq  the  above  extract,  I  have  not  merely  enumerated  the  of 
and  facts  which  are  confirmed  by  recent  observation,  suppread 
that  has  since  proved  to  be  erroneous,  but  have  given  a  fl 
abridgment  of  the  entire  treatise,  with  the  omission  only  of  ] 
hypothesis,  which  Grenerelli  adopted,  with  all  its  faults  and' 
lences.  The  reader  will  therefore  remark,  that  although  this  i 
able  essay  embraces  so  large  a  portion  of  the  principal  obJ4 
geological  research,  it  makes  no  allusion  to  the  extinction  of  i 
classes  of  animals ;  and  it  is  evident  that  no  opinions  on  this  hes 
at  that  time,  gained  a  firm  footing  in  Italy.  That  Lister  and 
English  naturalists  should  long  before  have  declared  in  favour: 
loss  of  species,  while  Scilla  and  most  of  his  countrymen  hesitate 
perhaps  natural,  since  the  Italian  museums  were  filled  with  fossil 
belonging  to  species  of  which  a  great  portion  did  actually  exist 
Mediterranean  ;  whereas  the  English  collectors  could  obtain  no 
species  from  such  of  their  own  strata  as  were  then  explored. 

The  weakest  point  in  Moro*s  system  consisted  in  deriving  i 
stratified  rocks  from  volcanic  ejections ;  an  absurdity  which  1 
ponents  took  care  to  expose,  especially  Yito  Amici.*  Moro  se 
have  been  misled  by  his  anxious  desire  to  represent  the  formal 
secondary  rocks  as  having  occupied  an  extremely  short  period, 
at  the  same  time  be  wished  to  employ  known  agents  in  natun 
imagine  torrents,  rivers,  currents,  partial  floods,  and  all  the  opei 
of  moving  water,  to  have  gone  on  exerting  an  energy  many  th< 
times  greater  than  at  present,  would  have  appeared  prepostero 
incredible,  and  would  have  required  a  hundred  violent  hypot 
but  we  are  so  unacquainted  with  the  true  sources  of  subterrane 
turbances,  that  their  former  violence  may  in  theory  be  multipli 
definitely,  without  its  being  possible  to  prove  the  same  manifef 
tradiction  or  absurdity  in  the  conjecture.  For  this  reason,  pi 
Moro  preferred  to  derive  the  materials  of  the  strata  from  vi 
ejections,  rather  than  from  transportation  by  running  waten 

Jlfar^t.-— Marsilli,  whose  work  is  alluded  to  by  Grenerelli,  ha 
prompted  to  institute  inquiries  into  the  bed  of  the  Adriatic,  1 
covering,  in  the  territory  of  Parma,  (what  Spada  had  observe* 
Verona,  and  Schiavo  in  Sicily,)  that  fossil  shells  were  not  set 
through  the  rocks  at  random,  but  disposed  in  regular  order,  aco 
to  certain  genera  and  species. 

Vitaliano  Donatiy  1750. — But  with  a  view  of  throwing  \ 
light  upon  these  questions  Donati,  in  1750,  undertook  a  mo 
tensive  investigation  of  the  Adriatic,  and  discovered,  by  nui 
soundings,  that  deposits  of  sand,  marl,  and  tufaceous  incrust 
most  strictly  analogous  to  those  of  the  Subajiennine  hills,  were 
act  of  accumulating  there.  He  ascertained  that  there  were  no 
in  some  of  the  submarine  tracts,  while  in  other  places  they 

•  Sni  Tesucoi  dclla  Sicilla. 
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gether  in  families,  particnlarlj  the  genera  Area,  Peeten,  Venus, 
nrez,  and  some  others*  He  also  states  that  in  divers  localities  he 
and  a  mass  com{>o6ed  of  corals,  shells,  and  crustaceous  bodies  of 
Serent  ipecies,  confusedly  blended  with  earth,  sand,  and  graveL  At 
e  defith  of  a  foot  or  more,  the  organic  substances  were  entirely 
itrified  and  reduced  to  marble ;  at  less  than  a  foot  from  the  surface^ 
ej  approached  nearer  to  their  natural  state ;  while  at  the  surface 
ej  were  aliTe,  or,  if  dead,  in  a  good  state  of  preservation. 
Baida$8arL — A  contemporary  naturalist,  Baldassari,  had  shown 
at  the  organic  remains  in  the  tertiary  marls  of  the  Siennese  ter« 
;ory  were  grouped  in  families,  in  a  manner  precisely  similar  to  that 
OTe  alluded  to  by  Donatio 

BuffoHj  1749. — Buffon  first  made  known  his  theoretical  views 
Deeming  the  former  changes  of  the  earth,  in  his  Natural  History, 
Uished  in  1749.  He  adopted  the  theory  of  an  original  volcanic 
ideas,  together  with  the  universal  ocean  of  Leibnitz,  fiy  thia 
aeons  envelope  the  highest  mountains  were  once  covered.  Marine 
rrents  then  acted  violently,  and  formed  horizontal  strata,  by  wash« 
I  away  solid  matter  in  some  parts,  and  depositing  it  in  others ;  they 
K>  excavated  deep  submarine  valleys.  The  level  of  the  ocean  was 
en  depressed  by  the  entrance  of  a  part  of  its  waters  into  subter- 
nean  caverns,  and  thus  some  land  was  left  dry.    Bufibn  seems  not 

have  profited,  like  Leibnitz  and  Moro»  by  the  observations  of 
eno,  or  he  could  not  have  imagined  that  the  strata  were  generally 
ricontal,  and  that  those  which  contain  organic  remains  had  never 
m  disturbed  since  the  era  of  their  formation.  He  was  conscious 
the  great  power  annually  exerted  by  rivers  and  marine  currents 

transporting  earthy  materials  to  lower  levels,  and  he  even  con- 
nplat^  the  period  when  they  would  destroy  all  the  present  con- 
lents.  Although  in  geology  he  was  not  an  original  observer,  his 
nios  enabled  him  to  render  his  hypothesis  attractive ;  and  by  the 
M|aence  of  his  style,  and  the  boldness  of  his  speculations,  he 
rakened  curiosity,  and  provoked  a  spirit  of  inquiry  amongst  his 
imtrymen. 

Soon  af^er  the  publication  of  his  *^  Natural  History,*'  in  which  was 
doded  his  '*  Theory  of  the  Earth,"  he  received  an  official  letter 
ited  January,  1751)  from  the  Sorbonne,  or  Faculty  of  Theology  in 
(ri%  informing  him  that  fourteen  propositions  in  his  works  ''  were 
mhensible,  and  contrary  to  the  creed  of  the  church."  The  first  of 
sse  obnoxious  passages,  and  the  only  one  relating  to  geology,  was 
follows:  —  ''The  waters  of  the  sea  have  produced  the  mountains 
d  valleys  of  the  land  —the  waters  of  the  heavens,  reducing  all  to  a 
'el,  will  at  last  deliver  the  whole  land  over  to  the  sea,  and  the  sea 
wessively  prevailing  over  the  land,  will  leave  dry  new  continents 
e  those  which  we  inhabit."  Buffon  was  invited  by  the  Collie,  in 
ry  ooarteoos  terms,  to  send  in  an  explanation,  or  rather  a  recantation 

his  unorthodox  opinions*  To  this  he  submitted ;  and  a  general 
lembly  of  the  Faculty  having  approved  of  his  "  Declaration,"  he 
ts  required  to  publish  it  in  his  next  work.    The  document  begins 
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wi(h  these  words  : — ^  I  declare  that  I  had  no  intentioii  to  ooni 
the  text  of  Scripture ;  that  I  helieve  most  firmlj  all  therein  s 
about  the  creation,  both  as  to  order  of  time  and  matter  of  fad 
/  abandon  everything  m  my  book  reepecUng  the  fomndeOkm  ' 
earthy  and»  generally,  all  which  maj  be  contrary  to  the  narraft 
Moses."* 

The  grand  principle  which  Bofibn  was  called  npon  to  rea 
was  simply  this, — ^'that  the  present  mountains  and  ralleja  < 
earth  are  due  to  secondary  causes,  and  that  the  same  causea  i 
time  destroy  all  the  continents,  hills,  and  valleys,  and  repi 
others  like  them."  Now,  whatever  may  be  the  defects  of  m 
his  views,  it  is  no  longer  controverted  that  the  present  continei 
of  secondary  origin.  The  doctrine  is  as  firmly  established  ; 
earth's  rotation  on  its  axis ;  and  that  the  land  now  elevated 
the  level  of  the  sea  will  not  endure  for  ever,  is  an  opinion 
gains  ground  daily,  in  proportion  as  we  enlarge  our  ezperienoa 
elianges  now  in  progress. 

Targioniy  1751. — Targioni,  in  his  voluminous  ^Travels  inTa 
1751  and  1754,"  laboured  to  fill  up  the  sketch  of  the  geology  < 
region  left  by  Steno  sixty  years  before.  Notwithstanding  a  w 
arrangement  and  condensation  in  bis  memoirs^  they  contained 
store  of  faithful  observations.  He  has  not  indulged  in  many  ( 
views,  but  in  regard  to  the  origin  of  valleys,  he  was  opposed 
theory  of  Bufibn,  who  attributed  them  principally  to  subi 
currents.  The  Tuscan  naturalist  laboured  to  show  that  bo 
larger  and  smaller  valleys  of  the  Apennines  were  excavated  by 
and  floods,  caused  by  the  bursting  of  the  barriers  of  lakes,  af 
retreat  of  the  ocean.  He  also  maintained  that  the  elephan 
other  quadrupeds,  so  frequent  in  the  lacustrine  and  alluvial  d 
of  Italy,  had  inhabited  that  peninsula ;  and  had  not  been  trani 
thither,  as  some  had  conceived,  by  Hannibal  or  the  Romans^ 
what  they  were  pleased  to  term  *'  a  catastrophe  of  nature." 

Lehman^  1756. — In  the  year  1756  the  treatise  of  Lehman,  a  G 
mineralogist,  and  director  of  the  Prussian  mines,  appeared,  wl 
divided  mountains  into  three  classes:  the  first,  those  forme 
the  world,  and  prior  to  the  creation  of  animals,  and  which  coi 
no  fragments  of  other  rocks ;  the  second  class,  those  which  r 
from  the  partial  destruction  of  the  primary  rocks  by  a  | 
revolution  ;  and  a  third  class,  resulting  from  local  revolutions, 
part  from  the  deluge  of  Noah. 

A  French  translation  of  this  work  appeared  in  1759,  in  the  ] 
of  which,  the  translator  displays  very  enlightened  views  res| 
the  operations  of  earthquakes,  as  well  as  of  the  aqueous  causes 

GesneTf  1758.  —  In  this  year  Gesner,  the  botanist,  of  2 
published  an  excellent  treatise  on  petrifactions,  and  the  chai 
the  earth  which  they  testify.^     After  a  detailed  enumeration 

*  lUtL  Nat   torn.  v.  6d.  de  Tlmp.     doU  Terre,  1759. 
RoTale,  Pariii,  1769.  i  John  Qetmer  pabliBhed  at . 

f  Eisai  dHme.Hiit  Nat  del  CoadiM    in  Latin. 
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US  classes  of  fossils  of  the  animal  and  v^etable  kingdoms,  and 
rks  on  the  different  states  in  which  thej  are  found  petrified,  he 
ders  the  geological  phenomena  connected  with  them ;  observingi 
some,  like  those  of  GBningen,  resembled  the  testacea,  fish,  and 
a  indigenous  in  the  neighbouring  region*;  while  some,  such 
nmonites,  grjrphites,  belemnites,  and  other  shells,  are  either 
ikoown  species,  or  found  onlj  in  the  Indian  and  other  distant 
In  order  to  elucidate  the  structure  of  the  earth,  he  gives 
3ns,  from  Yerenius,  Buffon,  and  others,  obtained  in  digging 
i;  distinguishes  between  horicontal  and  inclined  strata;  and,  in 
listing  on  the  causes  of  these  appearances,  mentions  Donati's 
lination  of  the  bed  of  the  Adriatic ;  the  filling  up  of  lakes  and 
by  sediment ;  the  imbedding  of  shells,  now  in  progress ;  and 
f  known  effects  of  earthquakes,  such  as  the  sinking  down  of 
icts,  or  the  heaving  up  of  the  bed  of  the  sea,  so  as  to  form  new 
da,  and  lay  dry  strata  containing  petrifactions.  The  ocean,  he 
deserts  its  shores  in  many  countries,  as  on  the  borders  of  the 
c ;  but  the  rate  of  recession  has  been  so  slow  in  the  last  2000 
I,  that  to  allow  the  Apennines,  whose  summits  are  filled  with 
He  shells,  to  emerge  to  their  present  height,  would  'have  required 
t  80,000  years, — a  lapse  of  time  ten  times  greater,  or  more^ 
the  age  of  the  universe*  We  must  therefore  refer  the  pheno- 
m  to  the  command  of  the  Deity,  related  by  Moses,  that  **  the 
rs  ahould  be  gathered  together  in  one  place,  and  the  dry  land 
ar."  Gesner  adopted  the  views  of  Leibnitz,  to  account  for  the 
at  of  the  primeval  ocean:  his  essay  displays  much  erudition; 
iie  opinions  of  preceding  writers  of  Italy,  Germany,  and  £ngland» 
ommented  upon  with  fairness  and  discrimination. 
rduinOf  1759. — In  the  year  following,  Arduinof,  in  his  memoirs 
le  mountains  of  Padua,  Yicenza,  and  Verona,  deduced,  from  ori* 
I  observations,  the  distinction  of  rocks  into  primary,  secondaryi 
tertiary,  and  showed  that  in  those  districts  there  had  been  a  sue- 
on  of  submarine  volcanic  eruptions. 

tekeli,  1760.  — In  the  following  year  (1760)  the  Bev.  John 
lell,  Woodwardian  Professor  of  Mineralogy  at  Cambridge,  pub- 
d  in  the  Philosophical  Transactions,  an  Essay  on  the  Cause  and 
lomena  of  Earthquakes.^    His  attention  had  been  drawn  to 


iL  chapw  9.  he  appears  to  have  been  engaged  in  his 

}rionialc  del  Criselini,  1759.  clerical  duties,  and  to  have  entirely  di»- 

$ee  a  Sketch  of  the  History  of  En-  continned  his  scientific  pnrtoits,  exem* 

Qeology,  by  Dr.  Fitton,  in  Edinb.  pUf^ing  the  working  of  a  system  still  in 

Feb.  1818,  rfe-odited  Lond.  and  force  at  Oxford  and  Cambridge,  where 

>.  PhiL  Mag.  vol  L  and  il  1832-33.  the  chairs  of  mathematics,  natural  philo- 

of  lfichell*s  obserrations  anticipate  sophy,  chemistry,  botany,  astronomy,  go- 

remurkable  a  manner  the  theories  ology,    mineralogy,  and    othen,   being 

isbed  forty  years  afterwards,  that  frequently  filled  by  clergymen,  the  re- 

rftings  would  probably  have  formed  ward  of  success  disqualifies  them,  if  ^Kj 

i  In  the  science,  if  his  researches  had  conscientiously  discharge  their  new  duties, 

mintemipted.    He  held,  howerer,  from   farther   advancing   the  cause  of 

oftwcmhip  only  eight  years,  when  science,  and  that,  too,  it  the  moment 

reer  was  suddenly  cut  short  by  pre-  when  their  labours  would  nsturally  bear 

Qt  to  a  benefice.    From  that  time  thaxiehest  firnits. 
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this  subject  bj  the  great  earthquake  of  Lisbon  in  1755.   He  ad| 
many  original  and  philosophical  views  respecting  the  propagil 
subterranean  movements,  and  the  caverns  and  fissures  whereift 
might  be  generated.    In  order  to  point  out  the  applicatioa 
theory  to  the  structure  of  the  globe,  he  was  led  to  deseril 
arrangement  and  disturbance  of  the  strata,  their  usual  horixoi 
in  low  countries,  and  their  contortions  and  fractured  state  i 
neighbourhood  of  mountain  chains.     He  also  explained,  wit! 
prising  accuracy,  the  relations  of  the  central  ridges  of  older  tq 
the  '^  long  narrow  slips  of  similar  earth,  stones,  and  minerals,* 
are  parallel  to  these  ridges.    In  his  generalizations,  derived  ii 
part  from  his  own  observations  on  the  geological  structure  of 
shire,  he  anticipated  many  of  the  views  more  fully  developed  h 
naturalists. 

Caicotty  1761.  —  Micheirs  papers  were  entirely  free  fit 
physico-theological  disquisitions,  but  some  of  his  contempt 
were  still  earnestly  engaged  in  defending  or  impugning  the  ^ 
wardian  hypothesis.  We  find  many  of  these  writings  referred 
Catcott,  an  Hutchinsonian,  who  published  a  '^  Treatise  on  the  D 
in  1761.  He*  laboured  particularly  to  refute  an  explanation  < 
by  his  contemporary,  Bishop  Clajrton,  of  the  Mosaic  writings, 
prelate  had  declared  that  the  deluge  '*  could  not  be  literally  trot 
in  respect  to  that  part  where  Noah  lived  before  the  flood."  ( 
insisted  on  the  universality  of  the  deluge,  and  referred  to  tra< 
of  inundations  mentioned  by  ancient  writers,  or.  by  travellers, 
East  Indies,  China,  South  America,  and  other  countries.  Thi 
of  his  book  is  valuable,  although  it  is  not  easy  to  see  what  b 
the  traditions  have,  if  admitted  to  be  authentic,  on  the  B 
argument,  since  no  evidence  is  adduced  to  prove  that  the  catast 
were  contemporaneous  events,  while  some  of  them  are  ex| 
represented  by  ancient  authors  to  have  occurred  in  succession. 

Fortis —  Odoardi,  1761.  —  The  doctrines  of  Arduino^  abo' 
verted  to,  were  afterwards  confirmed  by  Fortis  and  Desmarest,  h 
travels  in  the  same  country ;  and  they,  as  well  as  Baldassari,  lal 
to  complete  the  history  of  the  Subapcnnine  strata.  In  the  m 
Odoardi  *,  there  was  also  a  clear  argument  in  favour  of  the  d 
ages  of  the  older  Apennine  strata,  and  the  Subapennine  fom 
of  more  recent  origin.  He  pointed  out  that  the  strata  of  the 
groups  were  unconformable^  and  must  have  been  the  depo 
difi*erent  seas  at  distant  periods  of  time. 

Raspty  1763. — A  history  of  the  new  islands  by  Raspe,  an 
verian,  appeared  in  1763,  in  Latin.f    In  this  work,  all  the  aul 
accounts  of  earthquakes  which  had  produced  permanent  chan 
the  solid  parts  of  the  earth  were  collected  together  and  examine 
judicious  criticism.     The  best  systems  which  had  been  pn 

♦  Sui  Corpi  Marini  del  Feltrino,  1761.  Lcipiig,  1765; "  also  author  of  •• 

•f  De    No\-is   e   Man  Natii  Insulis.  Oema,"    and    **  Baron     Mand 

Raspe  was  also  the  editor  of  the  **  Philo-  Travels.*' 

sophical  Works  of  Leibnits.    Amtt.  et 
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ig  the  EDcient  history  of  the  globe,  both  bj  ancient  and 
mriten,  are  reviewed;  and  the  merits  and  defects  of  the 
of  Hooke,  Ray,  Moro,  Buffon,  and  others,  fairly  estimated, 
miration  is  expressed  for  the  hypothesis  of  Hooke,  and  his 
on  of  the  origin  of  the  strata  is  shown  to  have  been  more 
lan  Moro'9,  while  their  theory  of  the  effects  of  earthquakes 
ame.  Kaspe  had  not  seen  MicheU's  memoirs,  and  his  views 
Ig  the  geological  structure  of  the  earth  were  perhaps  less 
;  yet  he  was  able  to  add  many  additional  arguments  in 
*  Hooke's  theory,  and  to  render  it,  as  he  said,  a  nearer 
to  what  Hooke  would  have  written  had  he  lived  in  later 
is  to  the  periods  wherein  all  the  earthquakes  happened,  to 
:  owe  the  elevation  of  various  parts  of  our  continents  and 
Uspe  says  he  pretends  not  to  assign  their  duration,  still  less 
Hooke's  suggestion,  that  the  convulsions  almost  all  took 
ring  the  deluge  of  Noah.  He  adverts  to  the  apparent 
is  of  the  former  tropical  heat  of  the  climate  of  Europe,  and 
es  in  the  species  of  animals  and  plants,  as  among  the  most 
Dd  difficult  problems  in  geology.  In  regard  to  the  islands 
m  the  sea,  within  the  times  of  history  or  tradition,  he  declares 
of  them  were  composed  of  strata  containing  organic  remains, 
they  were  not,  as  Buffon  had  asserted,  made  of  mere  vol- 
ter.  His  work  concludes  with  an  eloquent  exhortation*  to 
s  to  examine  the  isles  which  rose,  in  1707,  in  the  Grecian 
go,  and,  in  1720,  in  the  Azores>  and  not  to  neglect  such 
tpportunities  of  studying  nature  "  in  the  act  of  parturition." 
ke's  writings  should  have  been  neglected  for  more  than  half 
,  was  matter  of  astonishment  to  Raspe ;  but  it  is  still  more 

that  his  own  luminous  exposition  of  that  theory  should, 
ban  another  half  century,  have  excited  so  little  interest. 
',  1762  and  1773. — Fuchsel,  a  German  physician,  published, 
I  geological  description  of  the  country  between  the  Thu- 
1  and  the  Hartz,  and  a  memoir  on  the  environs  of  Rudel- 
nd  afterwards,  in  1773,  a  theoretical  work  on  the  ancient 

the  earth  and  of  man.f  He  had  evidently  advanced 
)ly  beyond  his  predecessor  Lehman,  and  was  aware  of  the 
)s,  both  as  to  position  and  fossil  contents,  of  several  groups 
f  different  ages,  corresponding  to  the  secondary  formations 
;nized  by  geologists  in  various  parts  of  Grermany.  He 
the  European  continents  to  have  remained  covered  by  the 
the  formation  of  the  marine  strata  called  in  Germany 
^alk,"  at  the  same  time  that  the  terrestrial  plants  of  many 
deposits,  attested  the  existence  of  dry  land  which  bordered 
t  sea ;  land  which,  therefore,  must  have  occupied  the  place 
ent  ocean.     This  preexisting  continent  had  been  gradually 


sadcmisB  Electoralis  Magan-    from  an  exceUent  analysis  of  bis  memoira 
Erfiut.  by  M.  Keferttein.    Jonm.  de  (Hologie, 

x>iuit  of  Facbsel  is  derired    torn,  ii     Oct.  1830. 
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Bwallowed  ap  by  the  sea,  different  parts  having  subsided  in  snooai 
into  subterranean  caverns.  All  the  sedimentary  strata  were  origii 
horizontal,  and  their  present  state  of  derangement  must  be  reft 
to  subsequent  oscillations  of  the  ground. 

As  there  were  plants  and  animals  in  the  ancient  periodfl^  a^ 
there  must  have  been  men,  but  they  did  not  all  descend  frooa 
pair,  but  were  created  at  various  points  on  the  earth's  surface  | 
the  number  of  these  distinct  birth-places  was  as  great  as  an 
original  languages  of  nations. 

In  the  writings  of  Fuchsel  we  see  a  strong  desire  manifieati 
explain  geological  phenomena  as  far  as  possible  by  reference  to 
agency  of  known  causes ;  and  although  some  of  his  speculations  * 
fanciful,  his  views  coincide  much  more  nearly  with  those  now  gene 
adopted,  than  the  theories  afterwards  promulgated  by  Werner 
his  followers. 

Brandery  1766. — Gustavus  Brander  published,  in  1766,  his  ** 
silia  Hantoniensia,**  containing  excellent  figures  of  fossil  sheik 
the  more  modem  (or  Eocene)  marine  strata  of  Hampshire.  *^  Yt^ 
opinions,"  he  says  in  the  preface,  *^  had  been  entertained  concei 
the  time  when  and  how  these  bodies  became  deposited.  Some  t 
are  who  conceive  that  it  might  have  been  effected  in  a  wood 
length  of  time  by  a  gradual  changing  and  shifting  of  the  se%' 
But  the  most  common  cause  assigned  is  that  of  '*  the  deluge." 
conjecture,  he  says,  even  if  the  universality  of  the  flood  be  not  c 
in  question,  is  purely  hypotbeticaL  In  his  opinion,  fossil  ani 
and  testacea  were,  for  the  most  part,  of  unknown  species ;  ai 
such  as  were  known,  the  living  analogues  now  belonged  to  soul 
latitudes. 

SManij  1780. — Soldani  applied  successfully  his  knowled| 
zoology  to  illustrate  the  history  of  stratified  masses.  He  exph 
that  microscopic  testacea  and  zoophytes  inhabited  the  depths  o; 
Mediterranean ;  and  that  the  fossil  species  were,  in  like  mai 
found  in  those  deposits  wherein  the  fineness  of  their  particleii 
the  absence  of  pebbles,  implied  that  they  were  accumulated  in  a 
sea,  or  far  from  shore.  Tliis  author  first  remarked  the  alternate 
marine  and  freshwater  strata  in  the  Paris  basin.* 

Fortis —  Testa,  1793.  —  A  lively  controversy  arose  between  I 
and  another  Italian  naturalist.  Testa,  concerning  the  fish  of  JM 
Bolca,  in  1793.  Their  letters  f,  written  with  great  spirit 
elegance,  show  that  they  were  aware  that  a  large  proportion  oi 
Subapennine  shells  were  identical  with  living  species,  and  son 
them  with  species  now  living  in  the  torrid  zone.  Fortis  propoi 
somewhat  fanciful  coi\jecture,  that  when  the  volcanos  of  the  Vict 
were  burning,  the  waters  of  the  Adriatic  had  a  higher  temperat 
and  in  this  manner,  he  said,  the  shells  of  wanner  regions  may 
have  peopled  their  own  seas.    But  Testa  was  disposed  to  think 

•  Saggio  orittografico,  Jtc  1780,  and        f  Lett  soi   Fesd   Fossili  di  ] 
other  WorkA.  Milan,  1793. 
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ipeeies  of  testacea  were  still  common  to  their  own  and  to 
stial  seas  :  for  many,  he  said,  once  supposed  to  be  confined  to 
re^ons,  had  been  afterwards  discovered  in  the  Mediterranean.* 
en  —  SpaUanzani  —  Wallerius  —  Wkiiehurst  —  While  these 
natoralists,  together  with  Cortesi  and  Spallanzani,  were  busilj 
d  in  pointing  out  the  analogy  between  the  deposits  of  modem 
eient  seas,  and  the  habits  and  arrangement  of  their  organic 
ants,  and  while  some  progress  was  making,  in  the  same 
fy  in  investigating  the  ancient  and  modem  volcanic  rocks, 
f  the  most  original  observers  among  the  English  and  German 
I,  Whitehurstf  and  Wallerius,  were  wasting  their  strength 
tending,  according  to  the  old  Woodwardian  hypothesis,  that 
)  strata  were  formed  by  Noah's  deluge.  But  Whitehurst's 
»tion  of  the  rocks  of  Derbyshire  was  most  faithful;  and  he 
for  false  theoretical  views,  by  providing  data  for  their  refa* 

!a# — Saussure, — Towards  the  close  of  the  eighteenth  century, 
ea  of  distinguishing  the  mineral  masses  on  our  globe  into 
te  groups,  and  studying  their  relations,  began  to  be  generally 
d.  Pallas  and  Saussure  were  among  the  most  celebrated 
labours  contributed  to  this  end.  After  an  attentive  ezamina- 
'  the  two  great  mountain  chains  of  Siberia,  Pallas  announced 
suit,  that  the  granitic  rocks  were  in  the  middle,  the  schistose 
r  sides,  and  the  limestones  again  on  the  outside  of  these ;  and 
B  conceived  would  prove  a  general  law  in  the  formation  of  all 
composed  chiefly  of  primary  rocks.^ 

bis  **  Travels  in  Russia,"  in  1793  and  1794,  he  made  many 
ical  observations  on  the  recent  strata  near  the  Wolga  aud  the 
A,  and  adduced  proofs  of  the  greater  extent  of  the  latter  sea  at 
bant  era  in  the  earth's  history.  His  memoir  on  the  fossil  bones 
leria  attracted  attention  to  some  of  the  most  remarkable  phe- 
ta  in  geology.  He  stated  that  he  had  found  a  rhinoceros  entire 
frozen  soil,  with  its  skin  and  fiesh :  an  elephant,  foand  after- 
in  a  mass  of  ice  on  the  shore  of  the  North  Sea,  removed  all 
as  to  the  accuracy  of  so  wonderful  a  disco very.§ 
I  subjects  relating  to  natural  history  which  engagec^he  «t- 
1  of  Pallas,  were  too  multifarious  to  admit  of  hia^  devoting  a 
ihare  of  his  labours  exclusively  to  geology.  Saussure,  on  the 
hand,  employed  the  chief  portion  of  his  time  in  studying  the 

lit  argument  of  Testa  has  been  an  average  3^^  of  Fahrenheit  higher 

tiened  of  late  years  by  the  dis-  than  the  Western  part  of  the  Atlantic 

that  dealers  in  shells  had  long  ocean ;  an  important  fact,  which  in  some 

the  habit  of  selling  Mediterranean  degree  may  help  to  explain  why  many 

as  shells  of  more  southern  and  species  are  common  to  tropical  latitudes 

latitudes,  for  the  sake  of  enhan-  and  to  the  Mediterranean. 
eir  price.     It  appears,  moreover,        j  Inquiry  into  the  Original  State  and 

iveral  hundred  experiments  made  Formation  of  the  Earth,  177S. 
•t    distinguished    hydrographer,        |  Obsenr.  on  the  Formation  of  Movin- 

1  Smyth,   on   the  water  within  taina    Act  Fetrop.  ann.  177S,  part.  L 
firtfaoms  of  the  surface,  that  the        §  Nov.  comm.   Fctr.  XYIL  CuTier, 

ttara  oC  the  Mediterranean  is  on  Eloge  de  Fallas. 
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Structure  of  the  Alps  and  Jura,  and  he  provided  valuable 
those  who  followed  him.  He  did  not  pretend  to  deduce  anj 
system  from  his  numerous  and  interesting  observations ;  and 
theoretical  opinions  which  escaped  from  him,  seem,  like  thai 
Pallas,  to  have  been  chiefly  derived  from  the  cosmological  specolii 
of  preceding  writers. 


CHAPTER  IV. 

HISTORY  OF  THE  PROGRESS  OF  GEOLOGT — Continued* 

Werner's  application  of  geology  to  the  art  of  mining — ExcnrriTe  chmraetgr 
lectures — Enthusiasm  of  his  pupils — His  authority— His  theoretical  en 
Desmarest*s  Map  and  Description  of  Auvergne — Controversy  hetween  tin 
canists  and  Neptnnists — Intemperance  of  the  rival  sects — Hntton's  Hie 
the  earth — His  discoreiy  of  granite  veins  —  Originality  of  hit  views*-' 
opposed — Playfair's  illustrations— Influence  of  Voltaire's  writings  on  gi 
«— Imputations  cast  on  the  Huttonians  by  Williams,  Kirwan,  and  De  ] 
Sraith*8  Map  of  England — Geological  Society  of  London — ProKresi  of  the  i 
in  France —  Growing  importance  of  the  study  of  organic  remains. 

fVemer, — The  art  of  mining  has  long  been  taught  in  IV 
Germany,  and  Hungary,  in  scientific  institutions  established  foi 
purpose,  where  mineralogy  has  always  been  a  principal  bran 
instruction. 

Werner  was  named,  in  1775,  professor  of  that  science  ii 
**  School  of  Mines,**  at  Freyberg,  in  Saxony,  He  directed  his  i 
tion  not  merely  to  the  composition  and  external  characters  of  min 
but  also  to  what  he  termed  "  geognosy,"  or  the  natural  posit! 
minerals  in  particular  rocks,  together  with  the  grouping  of 
rocks,  their  geographical  distribution,  and  various  relations, 
phenomena  observed  in  the  structure  of  the  globe  had  hitherto  s 
for  little  else  than  to  furnish  interesting  topics  for  philosof 
discussion  :  but  when  Werner  pointed  out  their  application  t 
practical  purposes  of  mining,  they  were  instantly  regarded  bj  a 
class  of  men  as  an  essential  part  of  their  professional  education 
from  that  time  the  science  was  cultivated  in  Europe  more  ard 
and  systematically.  Werner's  mind  was  at  once  imaginative 
richly  stored  with  miscellaneous  knowledge.  He  associated  * 
thing  with  his  favourite  science,  and  in  his  excursive  lecture 
pointed  out  all  the  economical  uses  of  minerals,  and  their  appUi 
to  medicine :  the  influence  of  the  mineral  composition  of  rocks 
the  soil,  and  of  the  soil  upon  the  resources,  wealth,  and  civilii 
of  man.  The  vast  sandy  plains  of  Tartary  and  Africa,  he  wouU 
retained  their  inhabitants  in  the  shape  of  wandering  shepherds 
granitic  mountains  and  the  low  calcareous  and  alluvial  plains 
rise  to  different  manners,  degrees  of  ^  ntelligence. 


^ 
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hifltorj  even  of  languages,  and  the  migrations  of  tribes,  had  been 
detennined  by  the  direction  of  particular  strata.  The  qualities  of 
certain  stones  used  in  building  would  lead  him  to  descant  on  the 
architecture  of  different  ages  and  nations ;  and  the  phjsidal  geography 
of  a  country  frequently  invited  him  to  treat  of  military  tactics.  The 
ehann  of  his  manners  and  his  eloquence  kindled  enthusiasm  in  the 
minds  of  his  pupils ;  and  many,  who  had  intended  at  first  only  to 
aqnire  a  slight  knowledge  of  mineralogy,  when  they  had  once  heard 
him,  devoted  themselves  to  it  as  the  business  of  their  lives.  In  a  few 
jears,  a  small  school  of  mines,  before  unheard  of  in  Europe,  was 
raised  to  the  rank  of  a  great  university ;  and  men  already  distin- 
guished in  science  studied  the  Grerman  language,  and  came  from  the 
most  distant  countries  to  hear  the  great  oracle  of  geology.* 

Werner  had  a  great  antipathy  to  the  mechanical  labour  of  writing, 
and,  with  the  exception  of  a  valuable  treatise  on  metalliferous  veins^ 
lie  could  never  be  persuaded  to  pen  more  than  a  few  brief  memoirs, 
and  those  containing  no  development  of  his  general  views.    Although 
tiie  natural  modesty  of  his  disposition  was  excessive,  approaching 
€Ten  to  timidity,  he  indulged  in  the  most  bold  and  sweeping  general- 
iatioBS,  and  he  inspired  all  his  scholars  with  a  most  implicit  faith  in 
hia  doctrines.     Their  admiration  of  his  genius,  and  the  feelings  of 
gntitode  and  friendship  which  they  all  felt  for  him,  were  not  un- 
deserved;  but  the   supreme   authority  usurped  by  him  over  the 
opinions  of  his  contemporaries,,  was  eventually  prejudicial  to  the 
)ffogres8  of  the  science ;  so  much  so,  as  greatly  to  counterbalance  the 
advantages  which  it  derived  from  his  exertions.     If  it  be  true  that 
delivery  be  the  first,  second,  and  third  requisite  in  a  popular  orator, 
it  is  no  less  certain,  that  to  travel  is  of  first,  second,  and  third  im- 
portance to  those  who  desire  to  originate  just  and  comprehensive 
views  concerning  the  structure  of  our  globe.    Now  Werner  had  not 
travelled  to  distant  countries ;  he  had  merely  explored  a  small  portion 
of  Germany,  and  conceived,  and  persuaded  others  to  believe  that  the 
whole  surface  of  our  planet,  and  all  the  mountain  chains  in  the  world, 
were  made  after  the  model  of  his  own  province.    It  became  a  ruling 
object  of  ambition  in  the  minds  of  his  pupils  to  confirm  the  general- 
iaeationa  of  their  great  master,  and  to  discover  in  the  most  distant 
puts  of  the  globe  his  '*  universal  formations,"  which  he  supposed  had 
been  each  in  succession  simultaneously  precipitated  over  the  whole 
eauth  from  a  common  menstruum,  or  *^  chaotic  fluid.**    It  now  appears 
that  the  Saxon  professor  had  misinterpreted  many  of  the  most  im- 
portant appearances  even  in  the  immediate  neighbourhood  of  Frey- 
berg.    Tlius,  for  example,  within  a  day's  journey  of  his  school,  the 
porphyry,  called  by  him  primitive,  has  been  found  not  only  to  send 
forth  veins  or  dikes  through  strata  of  the  coal  formation,  but  to 
overtie  them  in  mass.     The  granite  of  the  Hartz  mountains,  on  the 
other  hand,  which  he  supposed  to  be  the  nucleus  of  the  chain,  is  now 
well  known  to  traverse  the  other  beds,  as  near  Goslar;  and  still 

•  Cavier,  Eloge  de  Werner. 
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nearer  Frejberg,  io  the  Erzgebirge,  the  mica  slate  does  not 
round  the  granite  as  was  supposed,  but  abnts  abruptly 
Fragments,  also,  of  the  greywack^  slate,  containing  organie 
have  reeentlj  been  found  entangled  in  the  granite  of  the 
ILde  Seckendorf.* 

The  principal  merit  of  Werner's  system  of  instmetion  eorf 
in  steadily  directing  the  attention  of  his  scholars  to  the  coil 
relations  of  superposition  of  certain  mineral  groups;  but  hj 
been  anticipated,  as  has  been  shown  in  the  last  chapter,  in  th 
covery  of  this  general  law,  by  several  geologists  in  Italy  an4 
where ;  and  his  leading  divisions  of  the  secondary  strata  were  i 
same  time,  and  independently,  made  the  basis  of  an  arrangcM 
the  British  strata  by  our  countryman,  William  Smith,  to  whoaa 
I  shall  refer  in  the  sequel. 

Controversy  between  the  Vulcanists  and  Nept«msts,^^ln  t 

to  basalt  and  other  igneous  rocks,  Werner's  theory  was  origini 

it  was  also  extremely  erroneous.     The  basalts  of  Saxony  and  ] 

to  which  his  observations  were^  chiefly  confined,  consisted  of  tl 

masses  capping  the  hills,  and  not  connected  with  the  leveb  of 

ing  valleys,  like  many  in  Auvergne  and  the  Yivaraia.    These  b 

and  all  other  rocks  of  the  same  family  in  other  countries, 

according  to  him,  chemical  precipitates  from  water.     He  < 

that  they  were  the  products  of  submarine  volcanos ;  and  even  1 

that,  in  the  primeval  ages  of  the  world,  there  were  no  vol 

His  theory  was  opposed,  in  a  two-fold  sense,  to  the  doctrine 

permanent  agency  of  the  same  causes  in  nature ;  for  not  only 

introduce,  without  scruple,  many  imaginary  causes  supposed  t 

'  once  eflected  great  revolutions  in  the  earth,  and  then  to  have  I 

extinct,  but  new  ones  also  were  feigned  to  have  come  into  ] 

modern  times ;    and,  above   all,  that    most  violent   instrum 

change,  the  agency  of  subterranean  heat. 

So  early  as  1768,  before  Werner  had  commenced  his  minora 
studies,  Raspe  had  truly  characterized  the  basalts  of  Hesse 
igneous  origin.  Arduino,  we  have  seen,  had  pointed  out  nui 
varieties  of  trap-rock  in  the  Yicentin  as  analogous  to  volcani 
ducts,  and  as  distinctly  referable  to  ancient  submarine  em 
Desmarest,  as  before  stated,  had,  in  company  with  Fortis,  exi 
the  Yicentin  in  1766,  and  confirmed  Arduino's  views.  In 
Banks,  Solander,  and  Troil  compared  the  columnar  basalt  of 
with  that  of  the  Hebrides.  Collini,  in  1774,  recognised  tl 
nature  of  the  igneous  rocks  on  the  Rhine,  between  Andema 
Bonn.  In  1775,  Guettard  visited  the  Yivarais,  and  establisl 
relation  of  basaltic  currents  to  lavas.  Lastly,  in  1779,  Faiya 
lished  bis  description  of  the  volcanos  of  the  Yivarais  and  Yeli 
showed  how  the  streams  of  basalt  had  poured  out  from  crater< 
still  remain  in  a  perfect  state.j 

^  I  am  indebted  for  this  information    and  partly  to  Dr.  Charles  Hi 
partly  to  Messrs.  Sedfpiick  and  Morchi-    the  translator  of  this  work  into 
■on,  who  have  investigated  the  country,        f  CuTier,  £1o|i^  de  Dcsmares 
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DegtmaresL — When  sound  opinions  had  thus  for  twenty  years  pre- 
Tailed  in  Europe  concerning  the  true  nature  of  the  ancient  trap-rocks, 
Werner  by  his  simple  dictum  caused  a  retrograde  movement,  and  not 
only  oyertumed  the  true  theory,  but  substituted  for  it  one  of  the  most 
uiphiloeophical  that  can  well  be  imagined.  The  continued  ascendancy 
of  his  dogmas  on  this  subject  was  the  more  astonishing,  because  a 
Tariety  of  new  and  striking  facts  were  daily  accumulated  in  favour  of 
the  oorrect  opinions  previously  entertained.  Desmarest,  after  a  careful 
examination  of  Auvergne,  pointed  out,  first,  the  most  recent  volcanos 
which  had  their  craters  still  entire,  and  their  streams  of  lava  con- 
forming to  the  level  of  the  present  river-courses.  He  then  showed 
that  there  were  others  of  an  intermediate  epoch,  whose  craters  were 
nearly  efiaoed,  and  whose  lavas  were  less  intimately  connected  with 
the  present  valleys ;  and,  lastly,  that  there  were  volcanic  rocks,  still 
more  ancient,  without  any  discernible  craters  or  scorise,  and  bearing 
the  closest  analogy  to  rocks  in  other  parts  of  Europe,  the  igneous 
origin  of  which  was  denied  by  the  school  of  Freyberg.* 

Desmarest's  map  of  Auvergne  was  a  work  of  uncommon  merit.  He 
first  made  a  trigonometrical  survey  of  the  district,  and  delineated  its 
physical  geography  with  minute  accuracy  and  admirable  graphic 
power.  He  contrived,  at  the  same  time,  to  express  without  the  aid 
€i  ooloors,  many  geological  details,  including  the  different  ages  and 
sometimes  even  the  structure,  of  the  volcanic  rocks,  and  distinguishing 
them  from  the  fresh-water  and  the  granitic.  They  alone  who  have 
carefully  studied  Auvergne,  and  traced  the  different  lava  streams  from 
their  craters  to  their  termination, — the  various  isolated  basaltic  cap- 
pings, — the  relation  of  some  lavas  to  the  present  valleys, — the  absence 
of  rach  relations  in  others, — can  appreciate  the  extraordinary  fidelity 
of  this  elaborate  work.  No  other  district  of  equal  dimensions  in 
Europe  exhibits,  perhaps,  so  beautiful  and  varied  a  series  of  phe- 
nomena; and,  fortunately,  Desmarest  possessed  at  once  the  mathe- 
matical knowledge  required  for  the  construction  of  a  map,  skill  in 
mineralogy,  and  a  power  of  original  generalization. 

Dolamieu — Montlogier. — Dolomieu,  another  of  Werner's  con- 
temporaries, had  found  prismatic  basalt  among  the  ancient  lavas  of 
Etna;  and,  in  1784,  had  observed  the  alternations  of  submarine  lavas 
and  calcareous  strata  in  the  Yal  di  Noto,  in  Sicily.f  In  1790,  also, 
he  described  similar  phenomena  in  the  Vicentin  and  in  the  Tyrol4 
Mootkisier  published,  in  1788,  an  essay  on  the  theory  of  the  volcanos 
of  Auvergne,  combining  accurate  local  observations  with  compre- 
hensiTe  views.  Notwithstanding  this  mass  of  evidence,  the  scholars 
of  Werner  were  prepared  to  support  his  opinions  to  their  utmost 
extent ;  maintaining,  in  the  fulness  of  their  faith,  that  even  obsidian 
was  an  aqueous  precipitate.  As  they  were  blinded  by  their  veneration 
ibr  the  great  teacher,  they  were  impatient  of  opposition,  and  soon 

*  Joan,  de  Vhjt,  vol  xiii.  p.  115.;        f  Jomm.  de  Phjs.  torn.  xxv.  p.  191 
snd  MriB.  de  Flnst,  Sciences  Msthpima,        \  lb.  torn,  xxxvii  part  ii.  p.  200. 
d  Fhjs.  voL  vi  p.  S19. 
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imbibed  the  spirit  of  a  faction ;  and  their  opponents  the  Vnl 
were  not  long  in  becoming  contaminated  with  the  same  inl 
seal.  Ridicule  and  irony  were  weapons  more  frequently  eitt| 
than  argument  bj  the  rival  sects,  till  at  last  the  controyengf 
carried  on  with  a  degree  of  bitterness  almost  nnprecedeiitt 
questions  of  physical  science.  Desmarest  alone,  who  had  long  | 
provided  ample  materials  for  refuting  such  a  theory,  kept  aloof; 
the  strife;  and  whenever  a  zealous  Neptunist  wished  to  dr«| 
old  man  into  an  argument,  he  was  satisfied  with  replying  ^  Gh 
see,"* 

Jfutton^  17S8. — It  would  be  contrary  to  all  analogy,  in  mati 
graver  import,  that  a  war  should  rage  with  such  fury  on  the  Cont' 
and  that  the  inhabitants  of  our  island  should  not  mingle  in  the  i 
Althou);h  in  England  the  personal  influence  of  Werner  was  wt 
to  stimulate  men  to  the  defence  of  the  weaker  side  of  the  que 
thev  iH)iUriTed  to  find  good  reason  for  espousing  the  Wemerian  t 
with  great  enthusiasm.    In  order  to  explain  the  peculiar  m 
which  leil  many  to  enter,  even  with  party  feeling,  into  this  cont 
will  bo  necessary  to  present  the  reader  with  a  sketch  of  the 
uiiloldeil  by  Ilutton,  a  contemporary  of  the  Saxon  geologist, 
fiuriuer  naturalist  had  been  educated  as  a  physician,  but  declinii 
praotiiv  of  medicine,  he  resolved,  when  young,  to  remain  conten 
the  small  independence  inherited  from  his  father,  and  thencefc 
give  his  undivided  attention  to  scientific  pursuits.     He  resi< 
Kdinburgh,  where  he  enjoyed  the  society  of  many  men  of  hi; 
tainments,  who  loved  him  for  the  simplicity  of  his  manners  ai 
sincerity  of  his  character.     His  application  was  unwearied ;  i 
made  fre<|uent  tours  through  different  parts  of  England  and  Sa 
aeiiuiring  considerable  skill  as  a  mineralogist,  and  constantly  ai 
at  grand  and  comprehensive  views  in  geology.    He  communical 
results  of  his  observations  unreservedly,  and  with  the  fearless 
of  one  who  was  conscious  that  love  of  truth  was  the  sole  stimi 
his  exertions.     When  at  length  he  had  matured  his  views,  h 
lished,  in  1788,  his  "  Theory  of  the  Earth,"  f  and  the  same,  aftei 
more  fully  developed  in  a  separate  work,  in  1795.     This  treati 
tho  first  in  which  geology  was  declared  to  be  in  no  way  con 
about  **  questions  as  to  the  origin  of  things ; "  the  first  in  wl 
attempt  was  made  to  dispense  entirely  with  all  hypothetical  * 
and  ko  explain  the  former  changes  of  the  earth's  crust  by  rd 
exolusivelv  to  natural  agents^   Hutton  laboured  to  give  fixe< 
ci|Kle.i  to  gtH^Uvgy,  as  Newton  had  succeeded  in  doing  to  astro 
but,  in  tho  former  science,  too  little  progress  had  been  made  t 
furui^hing  the  niHH»ssary  data,  to  enable  any  philosopher,  howeve 
hisi  viouiuii,  to  rt»alise  so  noble  a  project. 

HutfoHiam  Mn>rv.  —  **  The  ruins  of  an  older  world,"  said  I 
'•  iiw  \  iMiblo  iu  the  pn»sent  structure  of  our  planet ;  and  the 
w huh  uv»w  comjKvso  our  continents  have  been  once  beneath  t 

•  lH4\Wr»  KKv>  *1*  lV«mar«t  f  Ed.  Hiil.  Tran&  1788. 
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and  were  formed  out  of  the  waste  of  pre-existing  continents.  The 
sune  forces  are  still  destroying,  by  chemical  decomposition  or  me- 
chanical violence,  even  the  hardest  rocks,  and  transporting  the 
materials  to  the  sea,  where  they  are  spread  out,  and  form  strata 
analogous  to  those  of  more  ancient  date.  Although  loosely  deposited 
along  the  bottom  of  the  ocean,  they  become  afterwards  altered  and 
consolidated  by  volcanic  heat,  and  then  heaved  up,  fractured,  and 
contorted." 

Although  Hutton  had  never  explored  any  region  of  active  volcanos, 
be  had  convinced  himself  that  basalt  and  many  other  trap-rocks  were 
of  igneous  origin,  and  that  many  of  them  had  been  injected  in  a 
melted  state  through  fissures  in  the  older  strata.  The  compactness 
of  these  rock?,  and  their  different  aspect  from  that  of  ordinary  lava, 
he  attributed  to  their  having  cooled  down  under  the  pressure  of  the 
sea;  and  in  order  to  remove  the  objections  started  against  this  theory, 
his  friend.  Sir  James  Hall,  instituted  a  most  curious  and  instructive 
series  of  chemical  experiments,  illustrating  the  crystalline  arrange* 
ment  and  texture  assumed  by  melted  matter  cooled  under  high 
pressure. 

The  absence  of  stratification  in  granite,  and  its  analogy,  in  mineral 
character,  to  rocks  which  he  deemed  of  igneous  origin,  led  Hutton  to 
conclude  that  granite  also  must  have  been  formed  from  matter  in 
fusion ;  and  this  inference  he  felt  could  not  be  fully  confirmed,  unless 
he  discovered  at  the  contact  of  granite  and  other  strata  a  repetition 
of  the  phenomena  exhibited  so  constantly  by  the  trap-rocks.  Resolved 
to  try  his  theory  by  this  test,  he  went  to  the  Grampians,  and  surveyed 
the  line  of  junction  of  the  granite  and  superincumbent  stratified 
masses,  until  he  found  in  Glen  Tilt,  in  1785,  the  most  clear  and 
unequivocal  proofs  in  support  of  his  views.  Veins  of  red  granite  are 
there  seen  branching  out  from  the  principal  mass,  and  traversing  the 
black  micaceous  schist  and  primary  limestone.  The  intersected 
stratified  rocks  are  so  distinct  in  colour  and  appearance  as  to  render 
the  example  in  that  locality  most  striking,  and  the  alteration  of  the 
limestone  in  contact  was  very  analogous  to  that  produced  by  trap 
veins  on  calcareous  strata.  This  verification  of  his  system  filled  him 
with  delight,  and  called  forth  such  marks  of  joy  and  exultation,  that 
the  guides  who  accompanied  him,  says  bis  biographer,  were  convinced 
that  he  must  have  discovered  a  vein  of  silver  or  gold.*  He  was 
aware  that  the  same  theory  would  not  explain  the  origin  of  the 
primary  schists,  but  these  he  called  primary,  rejecting  the  term 
primitive,  and  was  disposed  to  consider  them  as  sedimentary  rocks 
altered  by  heat,  and  that  they  originated  in  some  other  form  from  the 
waste  of  previously  existing  rocks. 

By  this  important  discovery  of  granite  veins,  to  which  he  had 
been  led  by  fair  induction  from  an  independent  class  of  facts,  Hutton 
prepared  the  way  for  the  greatest  innovation  on  the  systems  of  his 

V 

•  Playfair's  Works,  vol.  iv.  p.  75. 
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predecessors.    YaUisneri  had  pcnnted  oot  the  general  tket 
were  certain  fandamental  rocks  which  contained  no 
and  which  he  supposed  to  hare  heen  formed  before  the 
living  beings.    Moro^  Generelli,  and  other  Italian  writen^, 
the  same  doctrine;  and  Lehman  r^arded  the  moontains 
him  primitive,  as  parts  of  the  original  nndens  of  the  gl 
same  tenet  was  an  article  of  faith  in  the  8cho<^  of  Frejl 
anj  one  ventured  to  doubt  the  possibility  of  our  being 
carry  back  our  researches  to  the  creation  of  the  present  order  < 
the  granitic  rocks  were  triumphantly  appealed  to.     On  thaq 
written»  in  legible  characters^  the  memorable  inscription—-^   j 

•Dfauumm  menonfiiroosecretta  | 

Se  non  cfenne ;  *  * 

and  no  small  sensation  was  excited  when  Hntton  seemed,  i 
hallowed  hand,  desirous  to  erase  characters  already  regarded  | 
as  sacred.  *'  In  the  economy  of  the  world,"*  said  the  Scotch  || 
**  I  can  find  no  traces  of  a  beginning,  no  prospect  of  an  4 
declaration  the  more  startling  when  coupled  with  the  doci 
all  past  ages  on  the  globe  had  been  brought  about  by  the  8l< 
of  existing  causes.  The  imagination  was  first  fatigued 
powered  by  endeavouring  to  conceive  the  inmiensity  of  time  i 
for  the  annihilation  of  whole  continents  by  so  insensible  a  f 
and  when  the  thoughts  had  wandered  through  these  inten 
periods*  no  resting-place  was  assigned  in  the  remotest  distana 
oldest  rocks  were  represented  to  be  of  a  derivative  nature,  1 
of  an  antecedent  series,  and  that,  perhaps,  one  of  many  pre-< 
worlds.  Such  views  of  the  immensity  of  past  time,  Uh 
unfolded  by  the  Newtonian  philosophy  in  regard  to  space^  i 
vast  to  awaken  ideas  of  sublimity  unmixed  with  a  painful  i 
our  incapacity  to  conceive  a  plan  of  such  infinite  extent  Woi 
seen  beyond  worlds  immeasurably  distant  from  each  othfl 
beyond  them  all,  innumerable  other  systems  are  faintly  traced 
confines  of  the  visible  universe. 

The  characteristic  features  of  the  Huttonian  theory  was,  m 
hinted,  [the  exclusion  of  all  causes  not  supposed  to  belong 
present  order  of  nature. \  But  Hutton  had  made  no  step 
llooke,  Moro,  and  Raspe,  in  pointing  out  in  what  manner  d 
now  governing  subterranean  movements  might  bring  about  ga 
changes,  if  sufficient  time  be  allowed.  On  the  contrary,  he  a 
have  fallen  far  short  of  some  of  their  views,  especially  whei 
fused  to  attribute  any  part  of  the  external  configuration  of  the 
crust  to  subsidence.  He  imagined  that  the  continents  wi 
gradually  destn^ved  by  aqueous  degradation  ;  and  when  thea 
had  furnished  materials  for  new  continents,  they  were  uphei 
violent  convulsions.     He   therefore  required  alternate    pel 

*  **  Befon?  mc  things  create  were  none,  care  things 
EtcmaL" 

Dante*s  Imfiama^  canto  iii^  Cary*s  Trail 
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ral  diaturbance  and  repose :  and  such  he  believed  had  been^  and 
d  for  ever  he,  the  course  of  nature. 

snereUi,  in  his  exposition  of  Moro's  system,  had  made  a  far  nearer 
dzimation  towards  reconciling  geological  appearances  with  the 

of  nature  as  known  to  us ;  for  while  he  agreed  with  Hutton, 
the  decay  and  reproduction  of  rocks  were  always  in  progress, 
ceding  with  the  utmost  uniformity,  the  learned  Carmelite  repre- 
^  the  repairs  of  mountains  by  elevation  from  below  to  be  effected 
1  equally  constant  and  synchronous  operation.  Neither  of  these 
ies,  considered  singly,  satisfies  all  the  conditions  of  the  great 
lem,  which  a  geologist,  who  rejects  cosmological  causes,  is  called 

to  solve ;  but  they  probably  contain  together  the  germs  of  a 
ct  system.  There  can  be  no  doubt,  that  periods  of  disturbance 
repose  have  followed  each  other  in  succession  in  every  r^on  of 
;lobe ;  but  it  may  be  equally  true,  that  the  energy  of  the  sub- 
nean  movements  has  been  always  uniform  as  regards  the  whole 
t.  The  force  of  earthquakes  may  for  a  cycle  of  years  have  been 
lably  confined,  as  it  is  now,  to  large  but  determinate  spaces,  and 
then  have  gradually  shifted  its  position,  so  that  another  region, 
h  had  for  ages  been  at  rest,  became  in  its  turn  the  grand  theatre 
doo. 

vqfairs  illustratiofu  of  Hutton. — The  explanation  proposed  by 
on,  and  by  Playfair,  the  illustrator  of  his  theory,  respecting  the 
1  of  valleys  and  of  alluvial  accumulations,  was  also  very  im- 
ct.  They  ascribed  none  of  the  inequalities  of  the  earth's  surface 
ovements  which  accompanied  the  upheaving  of  the  land,  ima- 
g  that  valleys  in  general  were  formed  in  the  course  of  ages  by 
[vera  now  flowing  in  them ;  while  they  seem  not  to  have  reflected 
16  excavating  and  transporting  power  which  the  waves  of  the 
I  might  exert  on  land  during  its  emergence. 
though  Hutton's  knowledge  of  mineralogy  and  chemistry  was 
ierable,  he  possessed  but  little  information  concerning  organic 
ins ;  they  merely  served  him,  as  they  did  Werner,  to  charac- 
t  certain  strata,  and  to  prove  their  marine  origin.  The  theory 
rmer  revolutions  in  organic  life  was  not  yet  fully  recognized ; 
rithout  this  class  of  proofs  in  support  of  the  antiquity  of  the 
,  the  indefinite  periods  demanded  by  the  Huttonian  hypothesis 
jred  visionary  to  many ;  and  some,  who  deemed  the  doctrine 
Bistent  with  revealed  truths,  indulged  very  uncharitable  suspicions 
»  motives  of  its  author.  They  accused  him  of  a  deliberate  design 
riving  the  heathen  dogma  of  an  *'  eternal  succession,''  and  of 
Dg  that  this  world  ever  had  a  beginning.  Playfair,  in  the 
aphy  of  his  friend,  has  the  following  comment  on  this  part  of 

theory: — ''In  the  planetary  motions,  where  geometry  Imis 
id  the  eye  so  far,  both  into  the  future  and  the  past,  we  discover 
ark  either  of  the  commencement  or  termination  of  the  present 
.  It  is  unreasonable,  indeed,  to  suppose  that  such  marks  should 
rhere  exist.  The  Author  of  Nature  has  not  given  laws  to  the 
!n^  which,  like  the  institutions  of  men,  carry  in  themselves  the 
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elements  of  their  own  destruction.  He  has  not  permitted  id 
works  anj  sjrmptom  of  infancj  or  of  old  age^  or  any  sign  bj  i 
we  maj  estimate  either  their  future  or  their  past  duration.  jBI 
put  an  endj  as  He  no  doubt  gave  a  beginning^  to  the  present  wjf 
at  some  determinate  period  of  time ;  hut  we  ma/  rest  assured 
this  great  catastrophe  will  not  he  hrought  ahout  bj  the  law! 
existing,  and  that  it  is  not  indicated  bj  anj  thing  whid 
perceive."* 

The  party  feeling  excited  against  the  Huttonian  doctrines,  ti 
open  disregard  of  candour  and  temper  in  the  controversy,  will  1 
be  credited  by  the  reader,  unless  he  recalls  to  his  recollectioi 
the  mind  of  the  English  public  was  at  that  time  in  a  state  of  fen 
excitement.  A  class  of  writers  in  France  had  been  laboarit 
dustriously  foj  many  years,  to  diminish  the  influence  of  the  c 
by  sapping  the  foundations  of  the  Christian  faith ;  and  their  si 
and  the  consequences  of  the  Revolution,  had  alarmed  the  moel 
lute  minds,  while  the  imagination  of  the  more  timid  was  contii 
haunted  by  dread  of  innovation,  as  by  the  phantom  of  some  i 
dream. 

Voltaire, — Voltaire  had  used  the  modem  discoveries  in  p 
as  one  of  the  numerous  weapons  of  attack  and  ridicule  direel 
him  against  the  Scriptures.  He  found  that  the  most  popular  8^ 
of  geology  were  accommodated  to  the  sacred  writings,  and  that 
ingenuity  had  been  employed  to  make  every  fact  coincide  e 
with  the  Mosaic  account  of  the  creation  and  deluge.  It  was, 
fore,  with  no  friendly  feelings  that  he  contemplated  the  cultiva 
geology  in  general,  regarding  the  science  as  one  which  hai 
successfully  enlisted  by  theologians  as  an  ally  in  their  cause, 
knew  that  the  majority  of  those  who  were  aware  of  the  abundj 
fossil  shells  in  the  interior  of  continents,  were  still  persuade 
they  were  proofs  of  the  universal  deluge  ;  and  as  the  readiest 
shaking  this  article  of  faith,  he  endeavoured  to  inculcate  see] 
as  to  the  real  nature  of  such  shells,  and  to  recall  from  conten 
exploded  dogma  of  the  sixteenth  century,  that  they  were  sp 
nature.  He  also  pretended  that  vegetable  impressions  wc 
those  of  real  plants.^  Yet  he  was  perfectly  convinced  that  thi 
had  really  belonged  to  living  testacea,  as  may  be  seen  in  hii 
"  On  the  formation  of  Mountains."  §     He  would  sometimes^ 

•  Playfair's  Works,  vol.  iv.  p.  55.  Unfortunately,  this  and  similar 

f  In  allusion  to  the  theories  of  Burnet,  directed  against  the  cosmogon 

"Woodward,  and  other  physico-theological  too  well  deserved, 
writers,  ho  declared  that  they  were  as        J  See  the  chapter  on  **  Det 

fond  of  changes  of  scene  on  the  face  of  figures." 

thcelobe,  as  were  the  populace  at  a  piny.        §  In  that  essay  he  lays  it  don 

•*  llverj'  one  of  them  destroys  and  reno-  all  naturalists  are  now  agreed 

vates   the  earth  after  his  own  fashion,  posits  of  shells  in  the  midst  of  tl 

as  Descartes  framed  it :  for  philosophers  nents  are  monuments  of  the  o 

put  themselves  without  ceremony  in  the  occupation  of  these  districts  by  tb 

place  of  God,  and  think  to  create  a  nni-  In  another  place  also,  when  spe 

verse  with  a  word.^ — Dissertation  en-  the  fossil  shells  of  Touraine,  h 

voyoc  a  TAcademie  de  Boulogne,  sur  les  their  true  origin. 
Chaugemens  arrives  dans  notre  Globe. 


Ch.iv.]  spirit  of  intolerance.  65 

fiance  of  all  consistencj,  shift  his  ground  when  addressing  the  vulgar; 
and»  admitting  the  true  nature  of  the  shells  collected  in  the  Alps  and 
other  places,  pretend  that  they  were  Eastern  species,  which  had 
fillen  from  the  hats  of  pilgrims  coming  from  Syria.  The  numerous 
essays  written  by  him  on  geological  subjects  were  all  calculated  to 
strengthen  prejudices,  partly  because  he  was  ignorant  of  the  real 
state  of  the  science,  and  partly  from  his  bad  faith.*  On  the  other 
hand,  they  who  knew  that  his  attacks  were  directed  by  a  desire  to 
inyalidate  Scripture,  and  who  were  unacquainted  with  the  true  merits 
of  the  qnestion,  might  well  deem  the  old  diluvian  hypothesis  incon- 
troTertible^  if  Voltaire  could  adduce  no  better  argument  against  it 
than  to  deny  the  true  nature  of  organic  remains. 

It  is  only  by  careful  attention  to  impediments  originating  in 
extrinsic  causes,  that  we  can  explain  the  slow  and  reluctant  adoption 
of  the  simplest  truths  in  geology.  First,  we  find  many  able  naturalists 
adducing  the  fossil  remains  of  marine  animals  as  proofs  of  an  event 
related  in  Scripture.  The  evidence  is  deemed  conclusive  by  the 
multitude  for  a  century  or  more ;  for  it  favours  opinions  which  they 
entertained  before,  and  they  are  gratified  by  supposing  them  confirmed 
by  fresh  and  unexpected  proofs.  Many,  who  see  through  the  fallacy, 
have  no  wish  to  undeceive*  those  who  are  influenced  by  it,  approving 
the  effect  of  the  delusion^  and  conniving  at  it  as  a  pious  fraud  ;  until, 
finally,  an  opposite  party^  who  are  hostile  to  the  sacred  writings, 
labour  to  explode  the  erroneous  opinion,  by  substituting  for  it  another 
dogma  which  they  know  to  be  equally  unsound. 

The  heretical  Vulcanists  were  soon  after  openly  assailed  in 
Ei^land,  by  imputations  of  the  most  illiberal  kind.  We  cannot 
eftimate  the  malevolence  of  such  a  persecution,  by  the  pain  which 
Sftmilar  insinuations  might  now  inflict ;  for  although  charges  of 
infidelity  and  atheism  must  always  be  odious,  they  were  injurious  in 
the  extreme  at  that  moment  of  political  excitement ;  and  it  was 
better,  perhaps,  for  a  man's  good  reception  in  society,  that  his  moral 
character  should  have  been  traduced,  than  that  he  should  become  a 
mark  for  these  poisoned  weapons. 

I  shall  pass  over  the  works  of  numerous  divines,  who  may  be 
excused  for  sensitiveness  on  points  which  then  excited  so  much 
nneasinesB  in  the  public  mind  ;  and  shall  say  nothing  of  the  amiable 
poet  Cowperl,  who  could  hardly  be  expected  to  have  inquired  into 
the  merit  of  doctrines  in  physics.  But  in  the  foremost  ranks  of  the 
intolerant  are  found  several  laymen  who  had  high  claims  to  scientific 
reputation.  Among  these  appears  Williams,  a  mineral  surveyor  of 
Edinburgh,   who  published  a  ''  Natural  History  of  the   Mineral 

*  As  an  instance  of  his  desire  to  throw  that  a  lover  of  curiosities  once  presenred 

doabt  indiscrimhiatelj  on  all  geological  them  in  his  cabinet.** 
data,  we  may  recall  the  passage  where  he        f  **  Some  drill  and  bore 

mj%  fSbal  **  the  bones  of  a  reindeer  and  The  solid  earth,  and  from  the  strata  there 

hq^pofpoCamns  discoTered  near  Etampes  Extract  a  register,  hj  which  we  learn, 

did  not  prore,  as  some  wonld  have  it.  That  he  who  made  it,  and  revealed  its  date 

Lapomd  and  the  Nile  were  once  on  To  Moses,  was  mistaken  in  its  age." 
firom  Paris  to  Otleans,  bat  merely       The  Task,  book  ill  ^  The  Garden."* 
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Kingdom/  in  1789;  a  work  of  great  merit  for  that  daj,  ol 
practical  utility,  as  containing  the  best  account  of  the  cool  ri 
In  his  preface  be  misrepresents  Button's  theory  altogether^ 
charges  him  with  considering  all  rocks  to  be  lavaa  of  difl 
colours  and  structure ;  and  also  with  '*  warping  every  thil 
support  the  eternity  of  the  world."  *  He  descants  on  the  pernl 
influence  of  such  sceptical  notions^  as  leading  to  downright  inft 
and  atheism,  **  and  as  being  nothing  less  than  to  depose  the  Aim! 
Creator  of  the  universe  from  his  office."  t 

Kirwan — De  Luc, — Elirwan,  president  of  the  Royal  Acadei 
Dublin,  a  chemist  and  mineralogist  of  some  merit,  but  who  poM 
much  greater  authority  in  the  scientific  world  than  he  was  ea 
by  his  talents  to  enjoy^  said,  in  the  introduction  to  his  **  Greok 
Essays,  ITOQ,**  '^  that  sound  geology  graduated  into  religion,  am 
required  to  dispel  certain  systems  of  atheism  or  infidelity,  of  l 
they  had  had  recent  experience."}  He  was  an  uncompnm 
defender  of  the  aqueous  theory  of  all  rocks,  and  was  sol 
surpassed  by  Burnet  and  Whiston,  in  his  desire  to  adduce  the  II 
writings  in  confirmation  of  his  opinions. 

De  Luc,  in  the  preliminary  discourse  to  his  Treatise  on  Geo! 
says,  "  the  weapons  have  been  changed  by  which  revealed  relig^ 
attacked ;  it  is  now  assailed  by  geology,  and  the  knowledge  o 
science  has  become  essential  to  theologians."    He  imputes  the  £ 
of  former  geological  systems  to  tlieir  having  been  anti-Mosaica 
directed  against  a  "sublime  tradition."     These  and  similar  i 
tations,  reiterated  in  the  works  of  De  Luc,  seem  to  have  been 
for  granted  by  some  modern  writers:  it  is  therefore  necessi 
state,  in  justice  to  the  numerous  geologists  of  different  nations,  ^ 
works   have  been   considered,  that  none  of  them  were  gui 
endeavouring,   by   arguments  drawn    from    physics,   to    invi 
scriptural  tenets.     On  the  contrary,  the  majority  of  those  whc 
fortunate  enough  "  to  discover  the  true  causes  of  things," 
deserved  another  part  of  the  poet's  panegyric,  *^Atque  metus 
suhjecit  pedibus,**     The  caution,  and  even  timid  reserve,  of 
eminent  Italian  authors  of  the  earlier  period  is  very  apparent 
there  can  hardly  be  a  doubt,  that  they  subscribed  to  certain  dc 
and  particularly  to  the   first  diluvian   theory,  out  of  deferei 
popular  prejudices,  rather  than  from  conviction.    If  they  were 
of  dissimulation,  we  may  feel  regret,  but  must  not  blame  theii 
of  moral  courage,  reserving  rather  our  condemnation  for  the  i 
ranee  of  the  times,  and  that  inquisitorial  power  which  forced  C 
to  abjure,  and  the  two  Jesuits  to  disclaim  the  theory  of  Newtoi 

•  P.  577.  (for,  with  the  omisfflon  of  ccrtt 

t  P>  59.  sages,  it  was  sanctioned),  were  8ti 

i  Introd.  p.  2.  seen  on  the  forbidden  list  of  the  I 

§  London,  1809.  Rome  in  1828.     I  was,  howerer, 

II  In  a  most  able  article,  by  Mr.  Drink-  in  the  same  rear,  by  Professor  Sea: 

water,  on  the  "  Life  of  Galile*>,*'  jmblished  at  Home,  that  Pius  VIL,  a  pom 

in  the  **  Library  of  Useful  Knowledge,**  tinguish^  for  his  love  of  scieix 

it  is  stated  that  both  GaIileo*s  work,  and  procured  a  repeal  of  the  edicts 

the  book  of  Copernicus  **  Nisi  corrigatur  **  Galileo  and  the  Copemican  sjstci 


Cb.iv.]    playfaib's  defence  op  hdtton.       67 

Hotton  answered  Eirwan's  attacks  with  great  warmth,  and  with 
tlie  indignation  jostlj  excited  bj  unmerited  reproach.  <*He  had 
always  displajed,"  sajs  Plajfair,  "  the  utmost  disposition  to  admire 
the  beneficent  design  manifested  in  the  structure  of  the  world ;  and 
he  contemplated  with  delight  those*  parts  of  his  theory  which  made 
the  greatest  additions  to  our  knowledge  of  final  causes."  We  may 
say  with  equal  truth,  that  in  no  scientific  works  in  our  language  can 
more  eloquent  passages  be  found,  concerning  the  fitness,  harmony, 
and  grandeur  of  all  parts  of  the  creation,  than  in  those  of  Playfair. 
They  are  eTidently  the  unaffected  expressions  of  a  mind,  which 
eootemplated  the  study  of  nature,  as  best  calculated  to  elevate  our 
ooDoeptions  of  the  attributes  of  the  First  Cause.  At  any  other  time 
the  force  and  elegance  of  Playf air's  style  must  have  insured^popularity 
to  the  Huttonian  doctrines  ;  but  by  a  singular  coincidence,  Neptuni- 
aniam  and  orthodoxy  were  now  associated  in  the  same  creed;  and 
the  tide  of  prejudice  ran  so  strong,  that  the  majority  were  carried  far 
away  into  the  chaotic  fluid,  and  other  cosmological  inventions  of 
Werner.  These  fictions  the  Saxon  professor  had  borrowed  with 
little  modification,  and  without  any  improvement,  from  his  prede- 
cessors. They  had  not  the  smallest  foundation  either  in  Scripture  or 
in  eommon  sense,  and  were  probably  approved  of  by  many  as  being 
so  ideal  and  unsubstantial,  that  they  could  never  come  into  violent 
collision  with  any  pre-conceived  opinions. 

According  to  De  Luc,  the  first  essential  distinction  to  be  made 
between  the  various  phenomena  exhibited  on  the  surface  of  the  earth 
was,  to  determine  which  were  the  results  of  causes  still  in  action,  and 
which  had  been  produced  by  causes  that  had  ceased  to  act.  The 
form  and  composition  of  the  mass  of  our  continents,  he  said,  and  their 
existence  above  the  level  of  the  sea,  must  be  ascribed  to  causes  no 
longer  in  action.  These  continents  emerged,  at  no  very  remote 
period,  on  the  sudden  retreat  of  the  ocean,  the  waters  of  which  made 
their  way  into  subterranean  caverns.  The  formation  of  the  rocks 
which  enter  into  the  crust  of  the  earth  began  with  the  precipitation 
of  granite  from  a  primordial  liquid,  after  which  other  strata  contain- 
ing the  remains  of  organized  bodies  were  deposited,  till  at  last  the 
present  sea  remained  as  the  residuum  of  the  primordial  liquid,  and  no 
longer  continued  to  produce  mineral  strata.* 

WUUam  Smithy  1790. — While  the  tenets  of  the  rival  schools  of 
Freyberg  and  Edinburgh  were  warmly  espoused  by  devoted  partisans 
the  labours  of  an  individual,  unassisted  by  the  advantages  of  wealth 
or  station  in  society  were  almost  unheeded.    Mr.  William  Smith,  an 


had  ii  inMr  d  the  Congregation ;  and  exception,  I  am  told,  of  Salamanca)  ;  but 

the  late  Cardhud  Toriozzi,  assessor  of  the  it  was  always  reqaired  of  professors,  in 

Saatd  Office,  proposed  **that  thej  should  deference  to  the  decrees  of  the  church,  to 

vipa  off  thk  scandal  from  the  diurch."  use  the  term  hifpothttis^  instead  of  theory. 

Ike  repeal  was  carried,  with  Uie  dissen-  They  now  speak  of  the  Copemican  theory. 
tkalvoiceofoiie  Dominican  only.    Long        •  Elementary  Treatise  on   Geology. 

bdbre  dytt  time  the  Newtonian  theory  London,  1809.     Translated  by  De  la 

had  been  taogfat  in  the  Sapienza,  and  all  Fite. 
CatlKific  aoinntties  hi  ISnaopQ  (with  the 
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English  surveyor,  published  his  '<  Tabular  View  of  the  Bfl 
Strata"  in  1790,  wherein  he  proposed  a  classification  of  the  secooi 
formations  in  the  West  of  England.  Although  he  had  not  con 
nicated  with  Werner,  it  appeared  bj  this  work  that  he  had  arrivi 
the  same  views  respecting  the  laws  of  superposition  of  stratified  ro 
that  he  was  aware  that  the  order  of  succession  of  difierent  gp 
was  never  inverted ;  and  that  they  might  be  identified  at  veiy  dil 
points  by  their  peculiar  organized  fossils. 

From  the  time  of  the  appearance  of  the  ^  Tabular  Yiew,^ 
author  laboured  to  construct  a  geological  map  of  the  whole  of  Eaigb 
and  with  the  greatest  disinterestedness  of  mind^  communicated 
results  of  his  investigations  to  all  who  desired  information,  g^ 
such  publicity  to  his  original  views,  as  to  enable  his  contempor 
almost  to  compete  with  him  in  the  race.  The  execution  of  his 
was  completed  in  1815,  and  remains  a  lasting  monument  of  ori{ 
talent  and  extraordinary  perseverance;  for  he  had  explored 
whole  country  on  foot  without  the  guidance  of  previous  observei 
the  aid  of  fellow-labourers,  and  had  succeeded  in  throwing 
natural  divisions  the  whole  complicated  series  of  British  r 
D*Aubuisson,  a  distinguished  pupil  of  Werner,  paid  a  just  tribo 
praise  to  this  remarkable  performance,  observing,  that  '*  what  i 
celebrated  mineralogists  had  only  accomplished  for  a  small  ps 
Germany  in  the  course  of  half  a  century,  had  been  effected 
single  individual  for  the  whole  of  England."  * 

Werner  invented  a  new  language  to  express  his  divisions  of  i 
and  some  of  his  technical  terms,  such  as  grauwacke,  gneiss, 
others,  passed  current  in  every  country  in  Europe.  Smith  ad* 
for  the  most  part  English  provincial  terms,  often  of  barbarous  m 
such  as  gault,  cornbrash,  clunch  clay ;  and  affixed  them  to  st 
visions  of  the  British  series.  IVIany  of  these  still  retain  their  pit 
our  scientific  classifications,  and  attest  his  priority  of  arrangeme 


MODERN  PROGRESS  OF  GE0L06T. 

The  contention  of  the  rival  factions  of  the  Yulcanists  and  Nepti 
had  been  carried  to  such  a  height,  that  these  names  had  become 
of  reproach  ;  and  the  two  parties  had  been  less  occupied  in  sear 
for  truth,  than  for  such  arguments  as  might  strengthen  their  own 
or  serve  to  annoy  their  antagonists.  A  new  school  at  last  arose 
professed  the  strictest  neutrality,  and  the  utmost  indifference  1 
systems  of  Werner  and  Hutton,  and  who  resolved  diligently  to  c 
their  labours  to  observation.  The  reaction,  provoked  by  tl 
temperance  of  the  conflicting  parties  now  produced  a  tenden 
extreme  caution.  Speculative  views  were  discountenanced, 
through  fear  of  exposing  themselves  to  the  suspicion  of  a  bias  to 
the  dogmas  of  a  party,  some  geologists  became  anxious  to  ent 
no  opinion  whatever  on  the  causes  of  phenomena,  and  were  in 

*  See  Dr.  Fitton*8  Memoir,  before  cited,  p.  57. 
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to  scepticism  even  where  the  conclusions  deducible  from  observed 
facts  scarcely  admitted  of  reasonable  doubt 

Geological  Society  of  London. — But  although  the  reluctance  to 
theorixe  was  carried  somewhat  to  excess,  no  measure  could  be  more 
salotarj  at  such  a  moment  than  a  suspension  of  all  attempts  to  form 
what  were  termed  "  theories  of  the  earth."  A  great  body  of  new  data 
were  required ;  aud  the  Geological  Society  of  London,  founded  in 
1807,  conduced  greatly  to  the  attainment  of  this  desirable  end.  To 
multiply  and  record  observations,  and  patiently  to  await  the  result  at 
some  future  period,  was  the  object  proposed  by  them ;  and  it  was 
their  favourite  maxim  that  the  time  was  not  yet  come  for  a  general 
system  of  geology,  but  that  all  must  be  content  for  many  years  to  be 
exclusively  engaged  in  furnishing  materials  for  future  generalizations. 
By  acting  up  to  these  principles  with  consistency,  they  in  a  few  years 
disBrmed  all  prejudice,  and  rescued  the  science  from  the  imputation 
of  being  a  dangerous,  or  at  best  but  a  visionary  pursuit. 

A  distinguished  modem  writer  has  with  truth  remarked,  that  the 
advancement  of  three  of  the  main  divisions  of  geological  inquiry  have 
during  the  last  half  century,  been  promoted  successively  by  three 
different  nations  of  Enrope,  —  the  dermans,  the  English,  and  the 
French.*  We  have  seen  that  the  systematic  study  of  what  may  be 
called  mineralogical  geology  had  its  origin  and  chief  point  of  activity 
in  Crermany,  where  Werner  first  described  with  precision  the  mineral 
characters  of  rocks.  The  classification  of  the  secondary  formations, 
each  marked  by  their  peculiar  fossils,  belongs,  in  a  great  measure,  to 
England,  where  the  labours  before  alluded  to  of  Smith,  and  those  of 
the  most  active  members  of  the  Geological  Society  of  London,  were 
steadily  directed  to  these  objects.  The  foundation  of  the'^third  branch, 
that  relating  to  the  tertiary  formations,  was  laid  in  France  by  the 
splendid  work  of  Cuvier  and  Brongniart,  published  in  1808,  *'  On 
the  Mineral  Geography  and  Organic  Remains  of  the  Neighbourhood 
of  Paris.'' 

We  may  still  trace,  in  the  language  of  the  science  and  our  present 
methods  of  arrangement,  the  various  countries  where  the  growth  of 
these  several  departments  of  geology  was  at  different  times  promoted. 
Many  names  of  simple  minerals  and  rocks  remain  to  this  day 
German ;  while  the  European  divisions  of  the  secondary  strata 
are  in  great  part  English,  and  are,  indeed,  often  founded  too  ex- 
clusively on  English  types.  Lastly,  the  subdivisions  first  established 
of  the  succession  of  strata  in  the  Paris  basin  have  served  as  normal 
groups  to  which  other  tertiary  deposits  throughout  Europe  have  been 
compared,  even  in  cases  where  this  standard  was  wholly  inapplicable. 

No  period  could  have  been  more  fortunate  for  the  discovery,  in  the 
immediate  neighbourhood  of  Paris,  of  a  rich  store  of  well-preserved 
fottilsy  than  the  commencement  of  the  present  century ;  for  at  no 
former  era  had  Natural  History  been  cultivated  with  such  enthusiasm 
in  the  French  metropolis.    The  labours  of  Cuvier  in  comparative 

♦  Whcwcn,  British  Critic,  No.  xvii  p.  187. 183L 
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:i:tti'tv   u  Tt^ct^iit  and  fossil  shells,  had  raised  tl 
'  .  :-:iiik.  i)t'  which  thej  had  never  previoi 
..-«   .>ii04c.      riu'ir  iuvestif;ations  had   eventuall 
:.-(  viliiii:  '  iLe  illusion  which  had  long  prevailed  c 
.<v..<  •     .   liiuio^v  ]ji.'t\veen  the  ancient  and  modern  s 
.    :'>i-      '.'I!  ['arisen  of  the  recent  and  fossil  spe 
...   •.     .-tA:i  111  rtr-ganl  to  tlieir  habits,  accustomed 
..I.  .1, M.uL-   iit  jorth  as  having  been  at  successive  per 
.    ;^-      I    uiMuals  and  plants  of  ditferent  races,  8 
..  .  ^  ..^iiit::c — some  lilted  to  live  in  seas,  others  ic 
^     .».    ■»-.^     By  the  consideration  of  these  topics, 
.  ■»    !i&4.iisibly  withdrawn  from  imaginary  pict 
>    ..<.    'U.LLiL'  contusion,  such  as  hauntt^d  the  imagina 
-w..  ^-  ::i>i>.     Niiiiieruus  proofs  >vere  discovered  of 
II  ^diiutatary  matter,  an<l  the  slow  developr 
•ii.v  ws-itLTS,  and  Cuvior  himself  in  the  nun 
•iiiiiiai;).    tliac    *'tho    thread    of    induction 
•  u-*^  iu.i::  bv  tlie  strict  rules  of  induction  from  re 
>.  HA  jjrt^at  ui'.'asun.'  disclaimed  the  dogma  w 

'^^v*;.      ri;v  aioption  of  the  same  generic,  am 
.1   s;i:i!c 'ipiviiio,  names  for  the  cxuviajofi 
.;    i.\i!  ■i:.:.s,  was  an  important  step  tow 
..  V*     •  :'  0  i^Ioa  o\'  the  identity  and  unity  o: 
.  .-.      I.  >\.i>  .;a  acknowh il^iin^nt,  as  it  wltc. 
,      ,  •:  •••.  :iK^:-:als  o{  nature  were  written 
•  •  %    \:  ■:">  r::i:iOf,  tlu-n,  of  the  natural  hii 
.    .'.  V-    ':..'.  . :::  as  i!:'.*  cliaractcrisiio  iVatu 

V    .■■.■.■  .'... ^  \\\    v:c>' r.t  century.     Tiiis  br 

.  "...•••.    .*.".  ::  str-.imfiil  of -rreat  uiili; 

■     s  .,■•:!■.•.:!:".  J  il.ki'.v  t»  unftild  lu-w 

%      .^  v,-v  s'.:".::  tliv  fi-rnKT  cljan;Tes  o: 

■-'..■■  .  ".<  r\.i:i^«r.>  in  ibo  last  fifty ; 

v .     "     :  /  ••:./.i-  >.  we  eannot  b.::  1  vik  tor 

\  ..■:•«   :«''   t!.e  ilfjn-e  t<f  i  xcellent 

.  \ . -.1  I'V  t'.iO  labours  of  the  pr 

\  ..-..■  .".  ,\:y  Svitiue,  wiib   the  exv*epti 

\  I  v.; :  Vv  rioil,  so  n'.a:iv  novel  aui 

^.'  ■•.;•%■  :  riOi':'..'<  ive.l  opinions. 

.:'.:.'  :■:• :.:  r-  •.:.  iiir.ii  the  asiroii 

•  .  ^*.  >:;i.'i  wi:b  ini«  r.eii\ :iMe  rap 

...'  o:  !"..::»   pi;".:. a    rr^r.r^btl  as  b: 

•  .•..:  •■•.  •.::-.:il  tl.e  ;:--.'.o^is;  jiroveil 

,.  .'.  .-"...i:'.^'.'.  au'l  u.i<  sti'.l  t!io  su 

»     •   >.      riie  ii:>v-  >vt  rv  of  oiber  sv: 

.•    ■    w .;<  tl.v    t:i;i::  : 'i  I :'  a>:r«'niMn^ 

*  . ■  .  .: <  : :■.; :i >: .■  r : ;-. .". *. :  :v. s  —  to  beb' 
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at  snccesdve  eras  adorned  with  different  hills  and  valleys,  lakes  and 
eeasy  and  peopled  with  new  inhabitants^  was  the  delightful  meed  of 
geological  research.  Bj  the  geometer  were  measured  the  regions  of 
space^  and  the  relative  distances  of  the  heavenly  bodies ; — by  the 
geologist  myriads  of  ages  were  reckoned,  not  by' arithmetical  com- 
potation,  but  by  a  train  of  physical  events  —  a  succession  of  pheno- 
mena in  the  animate  and  inanimate  worlds — signs  which  convey 
to  onr  minds  more  definite  ideas  than  figures  can  do  of  the  immensity 
of  time. 

Whether  onr  investigation  of  the  earth's  history  and  structure  will 
eventnally  be  productive  of  as  great  practical  benefits  to  mankind  as 
a  knowledge  of  the  distant  heavens,  must  remain  for  the  decision  of 
posterity.  It  was  not  till  astronomy  had  been  enriched  by  the  ob- 
servations of  many  centuries,  and  had  made  its  way  against  popular 
prejudices  to  the  establishment  of  a  sound  theory,  that  its  application 
to  the  useful  arts  was  most  conspicuous.  The  cultivation  of  geology 
b^an  at  a  later  period ;  and  in  every  step  which  it  has  hitherto  made 
towards  sound  theoretical  principles,  it  has  had  to  contend  against 
more  violent  prepossessions.  The  practical  advantages  already  de- 
rived from  it  have  not  been  inconsiderable ;  but  our  generalizations  are 
jet  imperfect,  and  they  who  come  after  us  may  be  expected  to  reap 
the  most  valuable  fruits  of  our  labour.  Meanwhile  the  charm  of  first 
discovery  is  our  own ;  and,  as  we  explore  this  magnificent  field  of  in- 
quiry, the  sentiment  of  a  great  historian  of  our  times  may  continually 
be  present  to  our  minds,  that  "he  who  calls  what  has  vanished 
back  again  into  being,  enjoys  a  bliss  like  that  of  creating."  * 


CHAPTER  V. 

PREJUDICES  WHICH  HAVE  RETARDED  THE  PROGRESS  OF  GEOLOGY. 

IVepo6ses8ionB  in  regard  to  the  dnration  of  past  time — Prejudices  arising  from  onr 
peculiar  position  as  inhabitants  of  the  land-«  Of  those  occasioned  by  our  not  seeing 
■abterranean  changes  now  in  progress— All  these  causes  combine  to  make  the 
former  coarse  of  Nature  appear  different  from  the  present — Objections  to  the 
doctrine,  that  causes  similar  in  kind  and  energy  to  those  now  acting,  have  pro- 
duced the  former  changes  of  the  earth's  surface,  considered. 

If  we  reflect  on  the  history  of  the  progress  of  geology,  as  explained 
in  the  preceding  chapters,  we  perceive  that  there  have  been  great 
floctoations  of  opinion  respecting  the  nature  of  the  causes  to  which  all 
former  changes  of  the  earth's  surface  are  referable.  The  first 
observers  conceived  the  monuments  which  the  geologist  endeavours 
to  decipher  to  relate  to  an  original  state  of  the  earth,  or  to  a  period 
when  Uiere  were  causes  in  activity,  distinct,  in  kind  and  degree,  from 

*  Nielmhr's  Hist,  of  Borne,  voL  I  p.  5.    Hare  and  Thirlwall's  transladoii. 
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those  uow  constituting  the  economy  of  nature.     These  views  mi 
grudually  modified,  and  some  of  them  entirely  abandoned  in  propi 
tiou  aa  oWrvations  wore  multiplied,  and  the  signs  of  former  mutadj 
luort)  skilfully  interpreted.     Many  appearances,  which  had  for  a  h 
timo  bt'en  regarded  as  indicating  mysterious  and  extraordinary  ag«ai 
wen'  Anally  recognized  as  the  necessary  result  of  the  laws  now  goviii 
\\v^  the  material  world ;  and  the  discovery  of  this  unlooked-for  o 
formitv  has  at  length  induced  some  philosophers  to  infer,  that,  dmi 
tho  ages  contemplated  in  geology,  there  has  never  been  any  inf 
ruption  to  the  agency  of  the  same  uniform  laws  of  change.    The  aa 
aaM^utblage  of  general  causes,  they  conceive,  may  have  been  suffiei 
to  pi\>duiV«  by  their  various  combinations,  the  endless  diversity 
eAivts  of  which  the  sliell  of  the  earth  has  preserved  the  memorii 
aud»  vvn.<i»Kently  with  these  principles,  the  recurrence  of  analog 
chaug\>s  is  ex|HVted  by  them  in  time  to  come. 

\Y  hot  her  we  coincide  or  not  in  this  doctrine,  we  must  admit  1 
the  i^radual  pn^gress  of  opinion  concerning  the  succession  of  phe 
iiK'iiH  iu  very  remote  eras,  resembles,  in  'a  singular  manner,  f 
\hhich  has  ai\H)m|>anied  the  growing  intelligence  of  every  people 
iv^iU'vi  tv>  tlie  economy  of  nature  in  their  own  times.     In  an  ei 
state  ot'  udvunctMnent,  wlien  a  great  number  of  natural  appearai 
HiX'  unintelligible,  an  eclipse,  an  earthquake,  a  flood,  or  the  appro 
i»f  a  comet,  with  many  other  occurrences  afterwards  found  to  bd 
to  the  ix*j;ular  course  of  events,  are  regarded  as  prodigies.    The  si 
delusion  prevails  as  to  moral  phenomena,  and  many  of  these 
umtUhhI  to  the  intervention  of  demons,  ghosts,  witches,  and  o\ 
iin material   and   supernatural    agents.      By   degrees,   many   of 
eni^^ums  of  the  moral  and  physical  world  are  explained,  and,  insi 
of  U'ing  due  to  extrinsic  and  irregular  causes,  they  are  found  to 
}H4ul  on  tixed  and  invariable  laws.     The  philosopher  at  last  beco 
voiiNiiu'ed  of  tho  undevittting  uniformity  of  secondary  causes;  ; 
ijuided  by  his  faith  in  this  principle,  he  determines  the  probabilit 
aoe\»iiuts  transmitted  to  him  of  former  occurrences,  and  often  rej 
iho  I'uhulous  tales  of  former  times,  on  the  jrround  of  their  bein?  i 
couvilwMo  with  tiie  experience  of  more  enlightened  ages. 

/N(^<«m.u.vm'(m<,v    in   rtyani  to  (he  duration  of  past  time, -^ I 
lulu  I  uk  tlio  »unt  of  cvmformity  in  the  causes  by  which  the  ea 
I  lu-iL  li  i^  Uvu  uuulitled  in  ancient  and  modern  periods  was,  for  a 
liiiiv,  (uu\t*r.villY  prevaU'Ut,  and  that,  too,  amongst  men  who  were 
\ki.«i.l  tluii  iKi'  Older  of  nature  had  Ix^cn  uniform  for  the  last  sei 
i)u.;»   iMil  \o,4i>,  e>ery  circumstance  which  could  have  influenced! 
in. II. I.-,  an  I  ^iw'u  .4U  uuduc  hias  to  their  opinions  deserves  parti< 
\o\N  the  reader  nuiy  easily  satisfy  himself,  that,  how 
;  I  ho  cvuiiso  of  nature  may  have  been  from  the  eai 
i'  •    I  ,  II  s\.4i  iu».«v».viible  fv>r  the  first  cultivators  of  geology  to  < 
I    I  x»'!uiu.iio!i»  s\»  long  as  they  were  under  a  delusion  f 
'.i     I,.,.    >  :   ia.  swaUl,  and  the  date  of  the  flrst  creation  of  ani 

.1-  Uvxwvvi  fantastical  some  theories  of  the  sixteenth  cen 

.jk    .  ■!»   »|.^v\u  i\}  us,  —  however  unworthy  of  men  of  great  t 
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and  sound  judgment^ — we  maj  rest  assured  that,  if  the  same  miscon- 
ception now  prevailed  in  regard  to  the  memorials  of  human  transac'- 
tiooSy  it  would  give  rise  to  a  similar  train  of  absurdities.    Let  us 
imagine^  for  example,  that  Champollion,  and  the  French  and  Tuscan 
literati  lately  engaged  in  exploring  the  antiquities  of  Egypt,  had 
visited  that  country  with  a  firm  belief  that  the  banks  of  the  Nile  were 
oeTer  peopled  by  the  human  race  before  the  beginning  of  the  nine- 
teenth century,  and  that  their  faith  in  this  dogma  was  as  difficult  to 
Aake  as  the  opinion  of  our  ancestors,  that  the  earth  was  never  the 
abode  of  living  beings  until  the  creation  of  the  present  continents, 
and  of  the  species  now  existing, — it  is  easy  to  perceive  what  extra- 
Tagant  systems  they  would  frame,  while  under  the  influence  of  this 
ddosion,  to  account  for  the  monuments  discovered  in  Egypt.     The 
ugbt  of  the  pyramids,  obelisks,  colossal  statues,  and  ruined  temples, 
would  fill  them  with  such  astonishment,  that  for  a  time  they  would  be 
aa  men  spell-bound — wholly  incapable  of  reasoning  with  sobriety. 
They  might  incb'ne  at  first  to  refer  the  construction  of  such  stupen- 
dous works  to  some  superhuman  powers  of  a  primeval  world.    A 
STBtem  might  be  invented  resembling  that  so  gravely  advanced  by 
Manetho,  who  relbtes  that  a  dynasty  of  gods  originally  ruled  in  Egypt, 
of  whom  Yulcan,  the  first  monarch,  reigned  nine  thousand  years ; 
aAer  whom  came  Hercules  and  other  demigods,  who  were  at  last  suc- 
ceeded by  human  kings. 

When  some  fanciful  speculations  of  this  kind  had  amused  their 
imaginations  for  a  time,  some  vast  repository  of  mummies  would  be 
discovered,  and  would  immediately  undeceive  those  antiquaries  who 
enjoyed  an  opportunity  of  personally  examining  them ;  but  the  pre- 
judices of  others  at  a  distance,  who  were  not  eye-witnesses  of  the  whole 
phenomena,  would  not  be  so  easily  overcome.  The  concurrent  report 
of  many  travellers  would,  indeed,  render  it  necessary  for  them  to  ac- 
commodate ancient  theories  to  some  of  the  new  facts,  and  much  wit  and 
ingenuity  would  be  required  to  modify  and  defend  their  old  positions. 
Each  new  invention  would  violate  a  greater  number  of  known  analo- 
gies ;  for  if  a  theory  be  required  to  embrace  some  false  principle,  it 
becomes  more  visionary  in  proportion  as  facts  are  multiplied,  as 
would  be  the  case  if  geometers  were  now  required  to  form  an  astro- 
nomical system  on  the  assumption  of  the  immobility  of  the  earth. 

Amongst  other  fanciful  conjectures  concerning  the  history  of 
Egypt,  we  may  suppose  some  of  the  following  to  be  started.  "  As 
the  banks  of  the  Nile  have  been  so  recently  colonized  for  the  first  time, 
the  curious  substances  called  mummies  could  never  in  reality  have 
belonged  to  men.  They  may  have  been  generated  by  some  plastic 
tirtue  residing  in  the  interior  of  the  earth,  or  they  may  be  abortions 
of  Nature  produced  by  her  incipient  efforts  in  the  work  of  creation. 
For  if  deformed  beings  are  sometimes  born  even  now,  when  the  scheme 
of  the  universe  is  fully  developed,  many  more  may  have  been  *  sent 
before  their  time,  scarce  half  made  up,'  when  the  planet  itself  was  in 
the  embryo  state.  But  if  these  notions  appear  to  derogate  from  the 
perfection  of  the  Divine  attributes,  and  if  these  mummies  be  in  all 
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tlieir  pHi'Ui  true  ivpresentations  of  the  human  form,  may  we  nott 
ilieiu  to  the  future  rather  than  the  past? — Ma/  we  not  be  looi 
into  the  womb  of  Nature,  and  not  her  grave?  Maj  not  I 
iuia^t^d  be  like  the  shades  of*  the  unborn  in  Yirgirs  Elysium— 
iuv)u>t^(>es  of  men  not  jet  called  into  existence?" 

Ttu'st^  s[>eculations,  if  advocated  bj  eloquent  writers,  wouU 
fail  to  iUtmot  many  zealous  votaries,  for  they  would  relieve  menl 
tho    )Hiinful    necessity  of  renouncing  preconceived  opinionsi. 
cixkUble  :ui  :>uch  scrpticism  may  appear,  it  has  been  rivalled  by  ■ 
^v>(oiiis^  vU'tho  sixteenth  and  seventeenth  centuries,  and  among  ol 
by  that  of  the  learned  Falloppio,  who  regarded  the  tusks  of  fossil 
phunts  :i:^  oarthr  concretions,  and  the  pottery  or  fragments  of  vm 
\\w  MouC\'  Te^taoea  near  Rome,  as  works  of  nature,  and  not  of 
tiu(  hIhm)  v^k'  ^>neration  had  passed  away,  and  another,  not  coa 
tuis^M  to  tile  s«tp(H>rt  of  antiquated  dogmas,  had  succeeded, 
HouUl  tv^iew  the  evidence  afforded  by  mummies  more  impart! 
.^aU   Houid   nv>   longer  controvert    the    preliminary  question, 
Ni.ia.4u  lv4ii):<  had  lived  in  Egypt  before  the  nineteenth  centui^ 
ii)«4i  Hiuui  A  hundred  years  perhaps  had  been  lost,  the  industry 
;A*<'ai»  v'f  th:*  phik>jkipher  would  be  at  last  directed  to  the  elucid 
K<'  tKsu;>  ot  i\'al  historical  importance. 

Uut   tho  alK>ve  arguments  are  aimed  against  one  only  of  ] 
\»:vjiu;K>s>  ^^iih  which  the  earlier  geologists  had  to  contend. 
%\'ix'u  i!io\  vx>noi*dv\l  tliat  the  earth  had  been  peopled  with  ani 
Ik  iti;;^  :n  au  eai'lier  period  than  was  at  first  supposed,  they  hi 
vviuA^tuoti  limt  the  quantity  of  time  bore  so  great  a  proporti* 
tho  hisiuu'tcal  ern  a^  is  r.ow  generally  conceded.     How  fatal  i 
^.•^^^Ji'  ;iA  lo  the  i^uautitv  of  time  must  prove  to  the  introductt> 
luitotial  \K*w:»  vviK'eruiiii;  the  state  of  things  in  former  ages,  m 
vviKvi\cvl  by  5up^v»iM^  the  annals  of  the  civil  and  military  tra 
tion.^  ^»i'  :i  L^ivac  ttacioa  (o  be  perused  under  the  impression  that 
<.^\  jucd  lu  .4  ^•crKsi  of  one  hundred  instead  of  two  thousand  ; 
^uch  .i  pv^Uioik  of  hi:tu>rv  would  immediately  assume  the  air 
•  v':ii.i:u\",  iho  c^vui*  ^ould  SKH»m  devoid  of  credibility,  and  i 
.>.v;ii    with    iho    I'lv^oiii    ^vurso   of  human   affairs.     A   croi 
>..  :^;i  .1,4  ui'uUl  iol!<.»M  o^ioh  other  in  thick  succession.     Armie 
,        ^*  .mM   h^k  aj   lo  tv  HsseiuMod  only  to  be  destroyed,  and 
i.    *    ....».lv    U'   iV.l   n\    lu'us^     There  would  be  the  most  v 

« 

.  .       .,'....   iiviu   loivi^^n   or  intestine  war  to  periods  of  pro 

...  ..    .1*  .ac  *wi^i  viKvtvM  during  the  years  of  disorder  or 

..«.  Mv  ..\i  4|>|Vai  4111^0  Mtjvrhuman  in  magnitude. 
«,.       -.^    ■.•.'..4U  ^«ikU  i\w  monuments  of  the  natural  world 
...    .s    .  »  ^.!U!u4:  )Mf:auAtion.  must  draw  a  no  less  exagg 

.  ^     ..s.^%  fixl  xioloMiV  of  causes  and  must  experien 

Ci  .iuhv'ultv  in  rtvonciling  the  former  and  p 

1 1  uc  v\''aM  Ivhold  in  one  view  all  the  vc 
.J    u  ivslujut^  IiaIv.  Sicily,  and  other  parts  of  £ 
o«    a.'^.^ttvl  \canjk  and  could  see  the  lavas 
..^   .K  ^«.uv  Lvri\\l ;  the  dislocations,  subsidena 
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deratiooB  caused  during  earthquakes;  the  lands  added  to  various 
deltas,  or  devoured  bj  the  sea,  together  with  the  effects  of  devastation 
hj  floods,  and  imagine  that  all  these  events  had  happened  in  one 
jear,  we  must  form  most  exalted  ideas  of  the  activity  of  the  agents, 
and  the  suddenness  of  the  revolutions.  Were  an  equal  amount  of 
change  to  pass  before  our  ejes  in  the  next  year,  could  we  avoid  the 
coDclaidon  that  some  great  crisis  of  nature  was  at  hand  ?  If  geolo- 
gists, therefore,  have  misinterpreted  the  signs  of  a  succession  of 
erents,  so  as  to  conclude  that  centuries  were  implied  where  the 
characters  imported  thousands  of  years,  and  thousands  of  years  where 
tike  language  of  Nature  signified  millions,  they  could  not,  if  they  rea- 
sooed  logically  from  such  false  premises,  come  to  any  other  conclu- 
sioD  than  that  the  system  of  the  natural  world  had  undergone  a 
complete  revolution.  r    / 

We  should  be  warranted  in  ascribing  the  erection  of  the  great  S  ' 
pjumid  to  superhuman  power,  if  we  were  convinced  that  it  was  S 
niaed  in  one  day ;  and  if  we  imagine,  in  the  same  manner,  a  conti  ) 
ne&t  or  mountain-chain  to  have  been  elevated,  during  an  equally 
fiinall  fraction  of  the  time  which  was  really  occupied  in  upheaving  it, 
we  might  then  be  justified  in  inferring,  that  the  subterranean  move- 
ments were  once  far  more  energetic  than  in  our  own  times.  We 
know  that  during  one  earthquake  the  coast  of  Chili  may  be  raised  for 
a  hundred  miles  to  the  average  height  of  about  three  feet.  A  repe- 
tition of  two  thousand  shocks,  of  equal  violence,  might  produce  a 
noontain-chain  one  hundred  miles  long,  and  six  thousand  feet  high. 
Now,  should  one  or  two  only  of  these  convulsions  happen  in  a 
centory,  it  would  be  consistent  with  the  order  of  events  experienced 
hj  the  Chilians  from  the  earliest  times :  but  if  the  whole  of  them 
were  to  occur  in  the  next  hundred  years,  the  entire  district  must  be 
depopulated,  scarcely  any  animals  or  plants  could  survive,  and  the 
snrfkce  would  be  one  confused  heap  of  ruin  and  desolation.  \ 

'    One  consequence  of  undervaluing  greatly  the  quantity  of  past  time,    ^   ) 
is  the  apparent  coincidence  which  it  occasions  of  events  necessarily 
diaoonnected,  or  which  are  so  unusual,  that  it  would  be  inconsistent 
with  all  calculation  of  chances  to  suppose  them  to  happen  at  one  and 
the  same  time.     When  the  unlooked-for  association  of  such  rare 
phenomena  is  witnessed  in  the  present  course  of  nature,  it  scarcely 
ever  &ils  to  excite  a  suspicion  of  the  preternatural  in  those  minds 
which  are  not  firmly  convinced  of  the  uniform  agency  of  secondary 
causes; — as  if  the  death  of  some  individual  in  whose  fate  they  are 
interested  happens  to  be  accompanied  by  the  appearance  of  a  lumi- 
nous meteor,  or  a  comet,  or  the  shock  of  an  earthquake.    It  would 
be  only  necessary  to  multiply  such  coincidences  indefinitely,  and  the 
mind  of  every  philosopher  would  be  disturbed.     Now  it  would  be 
diiBealt  to  exaggerate  the  number  of  physical  events,  many  of  them 
most  rare  and  unconnected  in  their  nature,  which  were  imagined  by 
the  Woodwardi3  n  hypothesis  to  have  happened  in  the  course  of  a  few 
months:  and  numerous  other  examples  might  be  found  of  popular 
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geological  theories,  which  require  us  to  imagine  that  a  long 
of  events  happened  in  a  brief  and  almost  momentary  period. 

Another  liability  to  error,  very  nearly  allied  to  the  former^ 
fV'om  the  frequent  contact  of  geological  monaments  referring 
distant  periods  of  time.  We  often  behold,  at  one  glance,  the 
causes  which  have  acted  at  times  incalculably  remote,  and  yelj 
may  be  no  striking  circumstances  to  mark  the  occurrence  of  a^ 
chasm  in  the  chronological  series  of  Nature's  archives.  In  thf 
interval  of  time  which  may  really  have  elapsed  between  tiie  4 
of  operations  thus  compared,  the  physical  condition  of  the  eaHIk 
by  slow  and  insensible  modifications,  have  become  entirely  wH 
one  or  more  races  of  organic  beings  may  have  passed  away,  ij 
have  left  behind,  in  the  particular  region  under  oontempLall 
trace  of  their  existence. 

To  a  mind  unconscious  of  these  intermediate  events,  the  p 
iVom  one  state  of  things  to  another  must  appear  so  violent,  A 
idea  of  revolutions  in  the  system  inevitably  suggests  itsel£ 
imagination  is  as  much  perplexed  by  the  dec^tion,  as  it  might 
two  distant  points  in  space  were  suddenly  brought  into  ima 
proximity.    Let  us  suppose,  for  a  moment,  that  a  philosophy  i 
lie  down  to  sleep  in  some  arctic  wilderness,  and  then  be  tram 
by  a  power,  such  as  we  read  of  in  tales*  of  enchantment,  to  a 
in  a  tropical  country,  where,  on  awaking,  he  might  find  himsei 
rounded  by  birds  of  brilliant  plumage,  and  all  the  luxuria 
animal  and  vegetable  forms  of  which  Nature  is  so  prodigal  ii 
regions.     The  most  reasonable  supposition,  perhaps,  which  he 
make,  if  by  the  necromancer's  art  he  were  placed  in  such  a  siti 
would  be,  that  he  was  dreaming ;   and  if  a  geologist  form  tl 
under  a  similar  delusion,  we  cannot  expect  him  to  preserve 
consistency  in  his  speculations  than  in  the  train  of  ideas  in  ai 
nary  dream. 

It  may  afford,  perhaps,  a  more  lively  illustration  of  [the  pr 
\     here  insisted  upon^if  I  recall  to  the  reader's  recollection  the 
of  the  Seven  Sleepers.     The  scene  of  that  popular  fable  was 
in  the  two  centuries  which  elapsed  between  the  reign  of  the  ei 
l>ociua  and  the  death  of  Theodosius  the  younger.     In  that  r 
of  time  (between  the  years  249  and  450  of  our  era)  the  union 
Hi»iuan  empire  had  been  dissolved,  and  some  of  its  fairest  pn 
overrun  by  the  barbarians  of  the  north.     The  seat  of  gove 
had  passed  IVom  Home  to  Constantinople,  and  the  throne 
puj^au  per8ecutor  to  a  succession  of  Christian  and  orthodox  j 
The  genius  of  the  empire  had  been  humbled  in  the  dust,  i 
aliurn  of  Diana  and  Hercules  were  on  the  point  of  being  trao 
to  i'utholio  saints  and  martyrs.      The  legend  relates,   "tha 
iKniu^i  was  still  persecuting  the  Christians,  seven  noble  yo 
Kplio.^u.t  ciMtcealed  themselves  in  a  spacious  cavern  in  the  sid 
myttconi  mountain,  where  they  were  doomed  to  perish  by  the 
wbit  gi^vo  oixlera  that  the  entrance  should  be  firmly  secured  wit 
of  hu|^o  atones.     They  immediately  fell  into  a  deep  slumber 
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ouslj  prolonged,  without  injuring  the  powers  of  life, 
iod  of  187  years.    At  the  end  of  that  time  the  slaves  of 
rhom  the  inheritance  of  the  mountain  had  descended,  re- 
itones  to  supply  materials  for  some  rustic  edifice:  the 
i  sun  darted  into  the  cavern,  and  the  seven  sleepers 
ted  to  awake.    After  a  slumber,  as  they  thought,  of  a  few 
nrere  pressed  by  the  calls  of  hunger,  and  resolved  that 
one  of  their  number,  should  secretly  return  to  the  city  to 
iad  for  the  use  of  his  companions.     The  youth  could  no 
nise  the  once  familiar  aspect  of  his  native  country,  and 
was  increased  by  the  appearance  of  a  large  cross  trium- 
;ted  over  the  principal  gate  of  Ephesus. '  His  singular 
Molete  language  confounded  the  baker,  to  whom  he  offered 
ciedal  of  Decius  as  the  current  coin  of  the  empire ;  and 
on  the  suspicion  of  a  secret  treasure,  was  dragged  before 
Their  mutual  inquiries  produced  the  amazing  discovery, 
inturies  were  almost  elapsed  since  Jamblichus  and  his 
escaped  from  the  rage  of  a  pagan  tyrant.*'* 
2nd  was  received  as  authentic  throughout  the  Christian 
re  the  end  of  the  sixth  century,  and  was  afterwards 
by  Mahomet  as  a  divine  revelation  into  the  Koran,  and 
was  adopted  and  adorned  by  all  the  nations  from  Bengal 
ho  professed  the  Mahometan  faith.     Some  vestiges  even 
r  tradition  have  been  discovered  in  Scandinavia.     **  This 
liversal  belief,"  observes  the  philosophical  historian  of  the 
1  Fall,  '^  80  expressive  of  the  sense  of  mankind,  may  be 
the  genuine  merit  of  the  fable  itself.     We  imperceptibly 
om  youth  to  age>  without  observing  the  gradual,   but 
hange  of  human  affairs ;  and  even,  in  our  larger  experience 
the  imagination  is  accustomed,  by  a  perpetual  series  of 
effects,  to  unite  the  most  distant  revolutions.     But  if  the 
;tween  two  memorable  eras  could  be  instantly  annihilated ; 
possible,  after  a  momentary  slumber  of  two  hundred  years, 
the  new  world  to  the  eyes  of  a  spectator  who  still  retained 
id  recent  impression  of  the  old,  his  surprise  and  his  re 
rould  furnish  the  pleasing  subject  of  a  philosophical  ro- 

ces  arising  from  our  peculiar  position  as  inhabitants  of  the 
lie  sources  of  prejudice  hitherto  considered  may  be  deemed 
>r  the  most  part  to  th^  infancy  of  the  science,  but  others 
m  to  the  first  cultivators  of  geology  and  to  ourselves,  and 
igularly  calculated  to  produce  the  same  deception,  andjTo 
I  our  belief  that  the  course  of  nature  in  the  earlier  ages 
idcly  from  that  now  establishedj  Although  these  circum- 
junot  be  fully  explained  without  assuming  some  things  as 
hich  it  will  be  the  object  of  another  part  of  this  work  to 
lie,  it  may  be  well  to  allude  to  them  briefly  in  this  place. 

*  Gibbon,  Decline  and  Fall,  chap.  zzxiiL 
t  Id.  Ibid. 
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The  first  and  greatest  dlfficultj,  then,  consists  in  an  | 

consciousness  that  oar  position  as  obserrers  is  e8sentia!| 

able,  when  we  endeavour  to  estimate  the  nature  and  magii 

changes  now  in  progress.    In  consequence  of  our  inattiii 

subject,  we  are  liable  to  serious  mistakes  in  contrastingii 

with  former  states  of  the  globe.    As  dwellers  on  the  lan^ 

about  a  fourth  part  of  the  surface;  and  that  portion  ii 

dusivelj  a  theatre  of  decaj,  and  not  of  reproduction. 

indeed,  that  new  deposits  are  annually  formed  in  seas  anl 

that  everj  jear  some  new  igneous  rocks  are  produced  i^ 

of  the  earth,  but  we  cannot  watch  the  progress  of  theiri 

and  as  thej  are  onlj  present  to  our  minds  bj  the  aid  of  ■ 

requires  an  effort  both  of  the  reason  and  the  imagini 

preciate  dulj  their  importance.    It  is,  therefore,  not  suq^ 

we  estimate  very  imperfectly  the  result  of  operations  tU 

to  us ;  and  that,  when  analogous  results  of  former  ep<M| 

sen  ted    to    our   inspection,   we  cannot  immediately  rat 

analogy.     He  who  has  observed  the  quarrying  of  stone  ti 

and  has  seen  it  shipped  for  some  distant  port,  and  then'^ 

to  conceive  what  kind  of  edifice  will  be  raised  by  the  mi^ 

the  same  predicament  as  a  geologist,  who,  while  he  ia^ 

the  land,  sees  the  decomposition  of  rocks,  and  the  tranqi 

matter  by  rivers  to  the  sea,  and  then  endeavours  to  picton 

the  new  strata  which  Nature  is  building  beneath  the  wmtc 

Prejudices  arising  from  our  not  seeing  subterraneam  ^ 

Nor  is  his  position  less  unfavourable  when,  beholding 

eruption,  he  tries  to  conceive  what  changes  the  column  i 

produced,  in  its  passage  upwards,  on  the  intersected  stni 

form  the  melted  matter  may  assume  at  great  depths  on| 

what  may  be  the  extent  of  the  subterranean  rivers  and  v| 

liquid  matter  far  beneath  the  surface.     It  should,  thoil 

membered,  that  the  task  imposed  on  those  who  stndj  I 

history  requires  no  ordinary  share  of  discretion ;  for  we  m 

from  collating  tlie  corresponding  parts  of  the  system  of  4 

exiHts  now,  and  as  it  existed  at  former  periods,     if 

bitants  of  another  element  —  if  the  great  ocean 

in»it4.*ad  of  the  narrow  limits  of  the  land,  oar  difficnltit 

considt^rably  lessened ;  while,  on  the  other  hand,  thera  € 

doubt,  although  the  reader  may,  perhaps,  smile  at  tbe  Im 

of  such  an  idea,  that  an  amphibious  being,  who  ahonM 

faculti<'^  would  still  more  easily  arrive  at  sound  tlMOCfiii 

in  geology,  since  he  might  behold,  on  the  one  baad, 

|K>«ition  of  rocks  in  the  atmosphere,  or  the  tran^nrtatii 

by  running  water;   and,  on  the  other,  exjunine  the  i 

M'fliriK^nt  in  the  sea,  and  the  imbedding  of 

n'mainw  in  new  strata.     He  might  ascertain,  by 

t}i<'  action  of  a  mountain  torrent,  as  well  as  of  a  mmt 

might  cuniparc  the  products  of  volcanos  pi  nred  €■!  i^ 

with  f ijo»e  ejected  beneath  the  waters ;  and   niglit 
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knd,  the  growth  of  the  forest,  and,  on  the  other,  that  of  the  coral 
net  Yet,  even  with  these  advantages,  he  would  be  liable  to  fall 
iD(o  the  greatest  errors,  when  endeavouring  to  reason  on  rocks  of 
sobterranean  origin.  He  would  seek  in  vain,  within  the  sphere  of 
Us  observation,  for  anj  direct  analogy  to  the  process  of  their  forma- 
tion, and  would  therefore  be  in  danger  of  attributing  them,  wherever 
thej  are  upraised  to  view,  to  some  '*  primeval  state  of  nature." 

But  if  we  maj  be  allowed  so  far  to  indulge  the  imagination,  as  to 
mppose  a  being  entirely  confined  to  the  nether  world — some  ''dusky 
Bdancholy  sprite,"  like  Umbriel,  who  could  ''  fiit  on  sooty  pinions  to 
tbe  central  earth,"  but  who  was  never  permitted  to  "  sully  the  fair 
iaee  of  light,"  and  emerge  into  the  regions  of  water  and  of  air ;  and 
if  this  being  should  busy  himself  in  investigating  the  structure  of  the 
globe,  he  might  frame  theories  the  exact  converse  of  those  usually 
idopted  by  human  philosophers.  He  might  infer  that  the  stratified 
wkSf  containing  shells  and  other  organic  remains,  were  the  oldest  of 
created  things,  belonging  to  some  original  and  nascent  state  of  the 
flniet  ^  Of  these  masses,'*  he  might  say,  *'  whether  they  consist  of 
boie  incoherent  sand,  soft  clay,  or  solid  stone^  none  have  been  formed 
k  aodem  times.  Every  year  some  part  of  them  are  broken  and 
iittered  by  earthquakes,  or  melted  by  volcanic  fire ;  and  when  they 
ImI  down  slowly  from  a  state  of  fusion,  they  assume  a  new  and  more 
Kyrtalline  form,  no  longer  exhibiting  that  stratified  disposition  and 
bose  curious  impressions  and  fantastic  markings,  by  which  they 
rere  previously  characterized.  This  process  cannot  have  been 
inied  on  for  an  indefinite  time,  for  in  that  case  all  the  stratified 
1^  would  long  ere  this  have  been  fused  and  crystallized.  It  is 
lerefore  probable  that  the  whole  planet  once  consisted  of  these 
jtterions  and  curiously  bedded  formations  at  a  time  when  the 
lieanic  fire  had  not  yet  been  brought  into  activity.  Since  that 
sriod  there  seems  to  have  been  a  gradual  development  of  heat ;  and 
is  augmentation  we  may  expect  to  continue  till  the  whole  globe 
•U  be  in  a  state  of  fiuidity  and  incandescence."  ^ 
Such  might  be  the  system  of  the  Gnome  at  the  very  time  that  the 
Dowers  of  Leibnitz,  reasoning  on  what  they  saw  on  the  outer  sur- 
est might  be  teaching  the  opposite  doctrine  of  gradual  refrigera- 
■I,  and  averring  that  the  earth  had  begun  its  career  as  a  fiery 
Met,  and  might  be  destined  hereafter  to  become  a  frozen  mass. 
ha  tenets  of  the  schools  of  the  nether  and  of  the  upper  world  would 
I  directly  opposed  to  each  other,  for  both  would  partake  of  the 
bodices  inevitably  resulting  from  the  continual  contemplation  of 
e  class  of  phenomena  to  the  exclusion  of  another.  Man  observes 
a  annual  decomposition  of  crystalline  and  igneous  rocks,  and  may 
■etimes  see  their  conversion  into  stratified  deposits ;  but  he  cannot 
Haess  the  reconversion  of  the  sedimentary  into  the  crystalline  by 
bCerranean  fire.  He  is  in  the  habit  of  regarding  all  the  sedimentary 
d»  as  more  recent  than  the  unstratified,  for  the  same  reason  that 
I  amy  suppose  him  to  fall  into  the  opposite  error  if  he  saw  the 

^in  of  the  igneous  dass  only. 
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It  was  not  an  impossible  contingency,  that  astronomen  migk 

V     •       been  placed  at  some  period  in  a  situation  madi  resembling  tl 

which  the  geologist  seems  to  stand  at  present    If  the  Italiai 

example,  in  the  early  part  of  the  twelfth  century,  had  discoTV 

Amalii,  instead  of  the  pandects  of  Justinian,  some  ancient  i 

scripts  filled  with  astronomical  observations  relating  to  a  pa 

three  thousand  years,  and  made  by  some  ancient  geometers  wh 

sessed  optical  instruments  as  perfect  as  any  in  modem  Europe 

would  probably,  on  consulting  these  memorials,  have  come  to 

elusion  that  there  had  been  a  great  revolution  in  the  solar  and  si 

systems.     "  Many  primary  and  secondary  planets,"  they  mi^ 

''are  enumerated  in  these  tables,  which  exist  no  longer. 

positions  are  assigned  with  such  precision  tliat  we  may  assin 

selves  that  there  is  nothing  in  their  place  at  present  but  the  bloc 

AVhere  one  star  is  visible  to  us,  these  documents  represent  i 

thousands.     Some  of  those  which  are  now  single  consisted  then 

separate  bodies,  often  distinguished  by  different  colours,  and  rei 

periodically  round  a  common  centre  of  gravity.     There  is  i 

analogous  to  them  in  the  universe  at  present ;  for  they  were  i 

fixed  stars  nor  planets,  but  seem  to  have  stood  in  the  mutual  i 

of  sun  and  planet  to  each  other.    We  must  conclude,  therefa 

there  has  occurred,  at  no  distant  period,  a  tremendous  eatas 

whereby  thousands  of  worlds  have  been  annihilated  at  once,  an 

heavenly  bodies  absorbed  into  the  substance  of  others." 

Wlion  such  doctrines  had  prevailed  for  ages,  the  discovery  < 
of  the  worlds,  supposed  to  have  been  lost  (the  satellites  of  Jupi 
example),  by  aid  of  the  first  rude  telescope  invented  after  the 
of  st'ience,  would  not  dissipate  the  delusion,  for  the  whole  ba 
proof  would  now  bo  thrown  on  those  who  insisted  on  the  stal 
the  system  from  a  remote  period,  and  these  philosophers  wi 
re(]uired  to  demonstrate  the  existence  of  all  the  worlds  said 
boon  Annihilated. 

Sucli  popular  prejudices  would  be  most  unfavourable  to 
vanoement  of  astronomy ;  for,  instead  of  persevering  in  the  i 
to  improve  their  instruments,  and  laboriously  to  make  and 
observations,  the  greater  number  would  despair  of  verifying  I 
tinned  existence  of  the  heavenly  bodies  not  visible  to  the  nal 
Instead  of  confessing  the  extent  of  their  ignorance,  and  stri 
remove  it  by  bringing  to  light  new  facts,  they  would  indulg 
more  easy  and  indolent  employment  of  framing  imaginary ' 
concerning  catastrophes  and  mighty  revolutions  in  the  systei 
universe. 

For  more  than  two  centuries  the  shelly  strata  of  the  Suba; 
hills  atlbrded  matter  of  speculation  to  the  early  geologists  of  It 
few  of  them  had  any  suspicion  that  similar  deposits  were  then  \ 
in  the  neijxhbourinf;  sea.  They  were  as  unconscious  of  the  co 
action  o£  causes  still  producing  similar  effects,  as  the  astronoi 
the  ease  aln^ve  supposed,  of  the  existence  of  certain  hcavenl] 
»till  giving  and  reflecting  light,  and  perfoiming  their  movea 
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L  Some  imagined  that  the  atrata,  so  rich  in  organic  remains, 
d  of  being  due  to  secondary  agents,  had  been  so  created  in  the 
oing  of  things  bj  the  fiat  of  the  Ahnightj.     Others,  as  we  have  / 

ascribed  the  imbedded  fossil  bodies  to  some  plastic  power  which 
d  in  the  earth  in  the  early  ages  of  the  world.  In  what  manner 
these  dogmas  at  length  exploded  ?  The  fossil  relics  were  care- 
Dompared  with  their  living  analogues,  and  all  doubts  as  to  their 
ic  <nigin  were  eventually  dispelled.  So,  also^  in  regard  to  the 
3  of  the  containing  beds  of  mud,  sand,  and  limestone :  those 
oi  the  bottom  of  the  sea  were  examined  where  shells  are  now 
ling  annually  entombed  in  new  deposits.  Donati  explored  the 
f  the  Adriatic,  and  found  the  closest  resemblance  between  the 
there  forming,  and  those  which  constituted  hills  above  a  thou- 
feet  high  in  various  parts  of  the  Italian  peninsula.  He  as- 
ned  by  dredging  that  living  testacea  were  there  grouped  together 
sciaely  the  same  manner  as  were  their  fossil  analc^ues  in  the 
I  strata ;  and  while  some  of  the  recent  shells  of  the  Adriatic 
Deooming  incrusted  with  calcareous  rock,  he  observed  that  others 
teen  newly  buried  in  sand  and  clay,  precisely  as  fossil  shells  ^ 

in  the  Subapennine  hills.     This  discovery  of  the  identity  oT^  U^-^ 
n  and  ancient  submarine  operations  was  not  made  without  the  /      v 


'  artificial  instruments,  which,  like  the  telescope^  brought  phe- 
la  into  view  not  otherwise  within  the  sphere  of  human  obser- 

L  

like  manner,  the  volcanic  rocks  of  the  Yicentin  had  been  studied  /  "^ 
)  beginning  of  the  last  century;  but  no  geologist  suspected, 
\  the  time  of  Arduino,  that  these  were  composed  of  ancient 
urine  lavas.  During  many  years  of  controversy,  the  popular 
A  inclined  to  a  belief  that  basalt  and  rocks  of  the  same  class 
een  precipitated  from  a  chaotic  fluid,  or  an  ocean  which  rose  at 
tsive  periods  over  the  continents,  charged  with  the  component 
nts  of  the  rocks  in  question.  Few  will  now  dispute  that  it  would 
been  difficult  to  invent  a  theory  more  distant  from  the  truth ; 
e  must  cease  to  wonder  that  it  gained  so  many  proselytes,  when 
member  that  its  claims  to  probability  arose  partly  from  the  very 
DStance  of  its  confirming  the  assumed  want  of  analogy  between 
peal  causes  and  those  now  in  action.  By  what  train  of  in- 
ations  were  geologists  induced  at  length  to  reject  these  views, 
)  assent  to  the  igneous  origin  of  the  trappean  formations  ?  By 
lamination  of  volcanos  now  active,  and  by  comparing  their 
ure  and  the  composition  of  their  lavas  with  the  ancient  trap 

B  establishment,  from  time  to  time,  of  numerous  points  of  iden- 
lon,  drew  at  length  from  geologists  a  reluctant  admission,  that 
was  more  correspondence  between  the  condition  of  the  globe  at 
e  eras  and  now,  and  more  uniformity  in  the  laws  which  have 
ited  the  changes  of  its  surface,  than  they  at  first  imagined.  If, 
I  state  of  the  science,  they  still  despaired  of  reconciling  every 
if  geological  phenomena  to  the  operations  of  ordinary  causes, 
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I  even  by  straining  analogy  to  the  utmost  limits  of  credibility,  wei 

I  have  expected,  at  least,  that  the  balance  of  probability  would 

I  have  been  presumed  to  incline  towards  the  close  analogy  of  the  ai 

\  and  modem  causes.    But^  after  repeated  experience  of  the  faili 

attempts  to  speculate  on  geological  monuments,  as  belongin| 

distinct  order  of  things,  new  sects  continued  to  persevere  in  the 

ciples  adopted  by  their  predecessors.     They  still  began,  as  ead 

problem  presented  itself,  whether  relating  to  the  animate  or  inan 

world,  to  assume  an  original  and  dissimilar  order  of  nature ;  and 

at  length  they  approximated,  or  entirely  came  round  to  an  op 

opinion,  it  was  always  with  the  feeling,  that  they  were  conceding 

they  had  been  justified  a  priori  in  deeming  improbable.    In  a 

'  the  same  men  who,  as  natural  philosophers,  would  have  been 

increddlous  respecting  any  extraordinary  deviations  from  the  I 

course  of  nature,  if  reported  to  have  happened  in  their  own  Hme 

equally  disposed,  as  geologists,  to  expect  the  proofs  of  such  devi 

at  every  period  of  the  past 

I  shall  proceed  in  the  following  chapters  to  enumerate  some  < 
principal  difficulties  still  opposed  to  the  theory  of  the  uniform  i 
and  energy  of  the  causes  which  have  worked  successive  chan 
the  crust  of  the  earth,  and  in  the  condition  of  its  living  inhab 
The  discussion  of  so  important  a  question  on  the  present  oe 
may  appear  premature,  but  it  is  one  which  naturally  arises  on 
review  of  the  former  history  of  the  science.  It  is,  of  coursi 
possible  to  enter  into  such  speculative  topics,  without  ocean 
carrying  the  novice  beyond  bis  depth,  and  appealing  to  fad 
conclusions  with  which  he  will  be  unacquainted,  until  he  has  s 
some  elementary  work  on  geology,  but  it  may  be  useful  to  exd 
curiosity,  and  lead  him  to  study  such  works  by  calling  his  att 
at  once  to  some  of  the  principal  points  of  controversy.* 

•  In  the  earlier  editions  of  this  work,  a  the  earth.     This  I  afterwards  (i 

fourth  book  was  added  on  Geology  Pro-  ex{)anded    into   a  separate   pat 

per,  or  Systematic  Geology,  containing  called  the  Elements  or  l^Ianual  • 

an  account  of  the  former  changes  of  the  logy,  of  which  a  fourth  edition  uf 

animate  and  inanimate  creation,  brought  December,  1851. 
to  light  by  an  examination  of  the  crust  of 
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CHAPTER  VI. 

DOCTBINE  OF   THE  DISCORDANCE  OF  THE  ANCIENT  AND  MODERN 
CAUSES  OF   CHANGE   CONTBOYEBTED. 

Climate  of  the  Northern  Hemisphere  fonnerlj  different — Direct  proofs  from  the 
ofganic  remains  of  the  Italian  strata — Proofs  from  analogy  derived  from  extinct 
qoadnipeds  —  Imbedding  of  animals  in  icebergs  —  Siberian  mammoths  — 
Evidence  in  r^ard  to  temperature,  from  the  fossils  of  tertiary  and  secondary 
rocks — From  the  plants  of  the  coal  formation — Northern  limit  of  these 
fossils — Whether  such  plants  could  endnre  the  long  continuance  of  an  arctic 

Qimate  of  the  Northern  hemisphere  formerly  different — Proofs  o£j 
former  revolutiond  in  climate,  as  deduced  from  fossil  remains,  have' 
ft&rded  one  of  the  most  popular  objections  to  the  theory  which  eiL-( 
deavours  to  explain  all  geological  changes  by  reference  to  those  nowi 
in  progress  on  the  earth.  The  probable  causes,  therefore,  of  fluctuajl 
tioDs  in  climate,  may  first  be  treated  of.  J 

That  the  climate  of  the  Northern  hemisphere  has  undergone  aft 
important  change,  and  that  its  mean  annual  temperature  must  once 
lave  more  nearly  resembled  that  now  experienced  within  the  tropics, 
was  the  opinion  of  bome  of  the  first  naturalists  who  investigated  the 
contents  of  the  ancient  strata.  Their  conjecture  became  more  pro- 
vable when  the  shells  and  corals  of  the  older  tertiary  and  many 
secondary  rocks  were  carefully  examined ;  for  the  organic  remains  of 
tbese  formations  were  found  to  be  intimately  connected  by  generic 
■ffinity  with  species  now  living  in  warmer  latitudes.  At  a  later 
period,  many  reptiles,  such  as  turtles,  tortoises,  and  large  saurian 
•nunals,  were  discovered  in  European  formations  in  great  abundance ; 
wid  they  supplied  new  and  powerful  arguments,  from  analogy,  in 
^pport  of  the  doctrine,  that  the  heat  of  the  climate  had  been  great 
when  our  secondary  strata  were  deposited.  Lastly,  when  the  botanist 
^ed  his  attention  to  the  specific  determination  of  fossil  plants,  the 
evidence  acquired  still  fuller  confirmation  ;  for  the  flora  of  a  country 
^  peculiarly  influenced  by  temperature :  and  the  ancient  vegetation 
^'  the  earth  might  have  been  expected  more  readily  than  the  forms 
of  animals,  to  have  afibrded  conflicting  proofs,  had  the  popular  theory 
^  without  foundation.  When  the  examination  of  fossil  remains 
^^  extended  to  rocks  in  the  most  northern  parts  of  Europe  and 
^orth  America,  and  even  to  the  Arctic  regions,  indications  of  the  same 
^'olntion  in  climate  were  discovered. 

^  cannot  be  said,  that  in  this,  as  in  many  other  departments  of 
S^^ogy,  we  have  investigated  the  phenomena  of  former  eras,  and 
fleeted  those  of  the  present  state  of  things.    On  the  contrary, 
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modern  strata  of  Sicily,  we  should  at  first  expect  that  they  would 
each  indicate  a  higher  temperature  in  proportion  as  they  are  situated 
&rther  to  the  south.  But  the  contrary  is  true  ;  of  the  shells  belonging 
to  these  several  groups,  whether  freshwater  or  marine,  some  are  of 
extiDct,  others  of  living  species.  Those  found  in  tiie  older,  or 
Eocene,  deposits  of  Paris  and  London,  although  six  or  seven  degrees 
to  the  north  of  the  Miocene  strata  at  Bordeaux,  afford  evidence  of  a 
warmer  climate ;  while  those  of  Bordeaux  imply  that  the  sea  in 
which  they  lived  was  of  a  higher  temperature  than  that  of  Sicily, 
where  the  shelly  strata  were  formed  six  or  seven  degrees  nearer  to 
-the  equator.  In  these  cases  the  greater  antiquity  of  the  several 
formations  (the  Parisian  being  the  oldest  and  the  Sicilian  the  newest) 
has  more  than  counterbalanced  the  influence  which  latitude  would 
otherwise  exert,  and  this  phenomenon  clearly  points  to  a  gradual  and 
roccessive  refrigeration  of  climate. 

Siberian  Mammoths, — It  will  naturally  be  asked,  whether  some 

i^^cent  geological  discoveries  bringing  evidence  to  light,  of  a  colder, 

or  as  it  has  been  termed  ''  glacial  epoch,"  towards  the  close  of  the 

tertiary  periods  throughout    the    northern    hemisphere,  does    not 

conflict  with  the  theory  above  alluded  to,  of  a  warmer  temperature 

having  prevailed  in  the  eras  of  the  Eocene,  Miocene,  and  Pliocene 

f<HiDations.     In  answer  to  this  enquiry,  it  may  certainly  be  affirmed, 

^t  an  oscillation  of  climate  has  occurred   in  times  immediately 

Mtecedent  to  the  peopling  of  the  earth  by  man ;  but  proof  of  the 

intercalation   of  a  less  genial  climate  at  an  era  when   nearly  all 

^  marine  and  terrestrial  testacea  had  already  become  specifically 

^e  same  as  those  now  living,  by  no  means  rebuts  the  conclusion 

previously  drawn,  in  favour  of  a  warmer  condition  of  the  globe, 

daring  the  ages  which  elapsed  while  the  tertiary  strata  were  deposited. 

b  some  of  the  most  superficial  patches  of  sand,  gravel,  and  loam, 

scattered  very  generally  over  Europe,  and  containing  recent  shells, 

^e  remains  of  extinct  species  of  land  quadrupeds  have  been  found, 

especially  in  places  where  the  alluvial  matter  appears  to  have  been 

Washed  into  small  lakes,  or  into  depressions  in  the  plains  bordering 

ancient  rivers.     Similar  deposits  have  also  been  lodged  in  rents  and 

ctvems  of  rocks,  where  they  may  have  been  swept  in  by  land  floods, 

or  introduced  by  engulphed  rivers  during  changes  in  the  physical 

geography  of  these  countries.     The  various  circumstances  under 

which  the  bones  of  animals  have  been  thus  preserved  will  be  more 

fully  considered  hereafter  ♦  ;  I  shall  only  state  here,  that  among  the 

extinct  mammalia  thus  entombed,  we  find  species  of  the  elephant, 

rhinoceros,  hippopotamus,  bear,  hyiena,  lion,  tiger,  monkey  (macacusf), 

and  many  others ;  consisting  partly  of  genera  now  confined  to  warmer 

regions. 

It  is  certainly  probable  that  when  some  of  these  quadrupeds 

•  Book  iii  chaps.  46,  47,  &c  extinct  elephant,  &c.  in  the  modern  fresh- 

t  MacaciM    pliocenna,    Owen,    Brit,    water  beda  at  Grays  Thnrrock  (Essex), 
F068.  Mam.  Intr.  p.  37.,  found  with  the    in  the  valley  of  the  Thames. 
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abounded  in  Europe,  the  climate  was  milder  than  that  now  ez|| 
enced.  The  hippopotamus,  for  example,  is  now  onlj  met  with  in 
the  temperature  of  the  water  is  warm  and  nearly  uniform  throQ|^ 
the  year,  and  where  the  rivers  are  never  frozen  over.  Yet  what 
great  fossil  species  (Hippopotamus  major  Cuv.)  inhabited  England^ 
testacea  of  our  country  were  nearly  the  same  as  those  now  existing^ 
the  climate  cannot  be  supposed  to  have  been  very  hot.  The  booi 
this  animal  have  lately  been  found  by  Mr.  Strickland,  together  i 
those  of  a  bear  and  other  mammalia,  at  Cropthorn,  near  Eveshaa 
Worcestershire,  in  alluvial  sand,  together  with  twenty-three  specii 
terrestrial  and  freshwater  shells,  all,  with  two  exceptions,  of  Bil 
species.  The  bed  of  sand,  containing  the  shelb  and  bones,  repoM 
lias,  and  is  covered  with  alternating  strata  of  gravel,  sand,  and  loi 

The  mammoth  also  appears  to  have  existed  in  England  when 
temperature  of  our  latitudes  could  not  have  been  very  different  1 
that  which  now  prevails ;  for  remains  of  this  animal  have  been  fi 
at  North  Cliff,  in  the  county  of  York,  in  a  lacustrine  formatid 
which  all  the  land  and  freshwater  shells,  thirteen  in  number,  c« 
identified  with  species  and  varieties  now  existing  in  that  cos 
Bones  of  the  bison  also,  an  animal  now  inhabiting  a  cold  or  tempi 
climate,  have  been  found  in  the  same  place.  That  these  quadriq 
and  the  indigenous  species  of  testacea  associated  with  them,  wer 
contemporary  inhabitants  of  Yorkshire,  has  been  established 
unequivocal  proof.  The  Rev.  W.  V.  Vernon  Harcourt  caused  \ 
to  be  sunk  to  the  depth  of  twenty-two  feet  through  undista 
strata,  in  which  the  remains  of  the  mammoth  were  found  imbed 
together  with  the  shells,  iu  a  deposit,  which  had  evidently  resi 
from  tranquil  waters,  f 

In  the  valley  of  the  Thames,  as  at  Ilford  and  Grays,  in  E 
bones  of  the  elephant  and  rhinoceros  occur  in  strata  aboundin 
freshwater  shells  of  the  genera  Unio,  Cyclas,  Paludina,  Val 
Ancylus,  and  others.  These  fossil  shells  belong  for  the  most  p» 
species  now  living  in  the  same  district,  yet  some  few  of  then 
extinct,  as,  for  example,  a  species  of  Cyrena,  a  genus  no  Ic 
inhabiting  Europe,  and  now  entirely  restricted  to  warmer  latitud 

When  reasoning  on  such  phenomena,  the  reader  must  always 
in  mind  that  the  fossil  individuals  belonged  to  species  of  elep 
rhinoceros,  hippopotamus,  bear,  tiger,  and  hysena,  distinct 
those  which  now  dwell  within  or  near  the  tropics.  Dr.  Flemin 
a  discussion  on  this  subject,  has  well  remarked  that  a  near  re 
blance  in  form  and  osteological  structure  is  not  always  followc 
the  existing  creation,  by  a  similarity  of  geographical  distriba 
and  we  must  therefore  be  on  our  guard  against  deciding  too  i 
dently,  from  mere  analogy  of  anatomical  structure,  respectin| 
habits  and  physiological  peculiarities  of  species  now  no  more.  ' 
zebra  delights  to  roam  over  the  tropical  plains ;  while  the  hors< 

•  GeoL  Proceedings,  No.  xxxri  June,        t  Phil.  Mag.,  Sept.  1829,  and 
1834.  1830. 
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maintain  its  existence  throughout  an  Iceland  winter.     The  buffalo 
like  the  zebra,  prefers  a  high  temperature,  and  caiinot  thrive  even 
wbere  the  common  ox  prospers.     The  musk  ox,  on  the  other  hand 
though  nearly  resembling  the  buffalo,  prefers  the  stinted  herbage  of 
the  arctic  regions,  and  is  able,  by  its  periodical  migrations,  to  outlive 
a  oorthem  winter.     The  jackal  (Cants  aureus)  inhabits  Africa,  the 
warmer  parts  of  Asia,  and  Greece ;  while  the  isatis  (Cams  lagopus) 
resides  in  the  arctic  regions.     The  African  hare  and  the  polar  hare 
have   their    geographical    distribution   expressed    in    their    trivial 
names;"*  and  different  species  of  bears  thrive  in  tropical,  temperate, 
and  arctic  latitudes. 

Recent  investigations  have  placed  beyond  all  doubt  the  important 
fact  that  a  species  of  tiger,  identical  with  that  of  Bengal,  is  common 
in  the  neighbourhood  of  Lake  Aral,  near  Sussac,  in  the  forty-fifth 
degree  of  north  latitude ;  and  from  time  to  time  this  animal  is  now 
seen  in  Siberia,  in  a  latitude  as  far  north  as  the  parallel  of  Berlin  add 
Hamburgh.f     Humboldt  remarks  that  the  part  of  Southern  Asia 
now  inhabited  by  this  Indian  species  of  tiger  is  separated  from  the 
Himalaya  by  two  great  chains  of  mountains,  each  covered  with  per- 
petual snow, — the  chain  of  Euenlun,  lat  35°  N.,  and  that  of  Mouz- 
tagh,  lat.  42% — so  that  it  is  impossible  that  these  animals  should 
merely  have  made  excursions  from  India,  so  as  to  have  penetrated  in 
summer  to  the  forty-eighth  and  fifty-third  degrees  of  north  latitude. 
They  must  remain  all  the  winter  north  of  the  Mouztagh,  or  Celestial 
Mountains.     The  last  tiger  killed,  in  1828,  on  the  Lena,  in  lat.  524% 
was  in  a  climate  colder  than  that  of  Petersburg  and  Stockholm.^ 

We  learn  from  Mr.  Hodgson's  account  of  the  mammalia  of  Nepal, 
that  the  tiger  is  sometimes  found  at  the  very  edge  of  perpetual  snow 
in  the  Himalaya  §;  and  Pennant  mentions  that  it  is  found  among  the 
snows  of  Mount  Ararat  in  Armenia.  The  jaguar,  also,  has  been 
seen  in  America,  wandering  from  Mexico,  as  far  north  as  Kentucky, 
lat.  37°  N.H,  and  even  as  far  as  42°  S.  in  South  America, — a  latitude 
which  corresponds  to  that  of  the  Pyrenees  in  the  northern  hemi- 
sphere.H  The  range  of  the  puma  is  still  wider,  for  it  roams  from  the 
equator  to  the  Straits  of  Magellan,  being  often  seen  at  Port  Famine, 
in  Ut  53°  38'  S. 

A  new  species  of  panther  (Felis  irbis),  covered  with  long  hair,  has 
been  discovered  in  Siberia,  evidently  inhabiting,  like  the  tiger,  a 
region  north  of  the  Celestial  Mountains,  which  are  in  lat.  42°.  •• 

The  two-homed  African  rhinoceros  occurs  without  the  tropics  at 
the  Cape  of  Good  Hope,  in  lat.  34°  29^  S.,  where  it  is  accompanied 
by  the  elephant,  hippopotamus,  and  hysBna.     Here  the  migration  of  all 

•  Fleming,  Ed.  New  PhiL  Jonm.,  No.        1  Ehrenberg,  ibid.  p.  390. 
zii.  p.  282.  1829.     The  asebra,  however,        §  Journ.  of  Asiat.  Soc.,  voL  i.  p.  240. 
inlmiti  chiefly  the  extra-tropical  parts  of        ||  Rafincsque,  Atlantic  Joam.  p.  18. 
Africa.  f  Darwin's    Journal  of   Travels    in 

t  Humboldt,  Fragmens  de  Gcologie,  South  America,  &c.   1S32  to  1836,  in 

Ac,  tome  ii  p.  388.    Ehrenberg,  Ann.  Voyage  of  H. M.S.  Beagle,  p.  159. 
det  Sd.  Nat,  tome  zxL  p.  387.  **  Ehrenberg,  ibid. 
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these  species  towards  the  south  is  arrested  by  the  ocean ;  but  if 
continent  had  been  prolonged  still  farther,  and  the  land  had  bee 
moderate  elevation,  it  is  verj  probable  that  they  might  hare  extei 
their  range  to  a  greater  distance  from  the  tropics. 

Now,  if  the  Indian  tiger  can  range  in  our  own  times  to  thesoud 
borders  of  Siberia,  or  skirt  the  snows  of  the  Himalaya,  and  if 
puma  can  reach  the  fifty-third  degree  of  latitude  in  South  Ama 
we  may  easily  understand  how  large  species  of  the  same  genera 
once  have  inhabited  our  temperate  climates.  The  manunoth 
primigen%ud)j  already  alluded  to,  as  occurring  fossil  in  England, 
decidedly  different  from  the  two  existing  species  of  elephants,  oi 
which  is  limited  to  Asia,  south  of  the  31^  of  N.  lat,  the  oth« 
Africa,  where  it  extends,  as  before  stated,  as  far  south  as  thQ  i 
of  Grood  Hope.  The  bones  of  the  great  fossil  species  are  very  wi 
spread  over  Europe  and  North  America ;  but  are  nowhere  in 
profusion  as  in  Siberia,  particularly  near  the  shores  of  the  Fi 
Ocean.  Are  we,  then,  to  conclude  that  this  animal  preferred  a  ] 
climate  ?  If  so,  it  may  well  be  asked,  by  what  food  was  it  sustai 
and  why  does  it  not  still  survive  near  the  arctic  circle?* 

Pallas  and  other  writers  describe  the  bones  of  the  mammof 
abounding  throughout  all  the  lowland  of  Siberia,  stretching 
direction  west  and  east,  from  the  borders  of  Europe  to  the  ext 
point  nearest  America,  and  south  and  north,  from  the  base  ol 
mountains  of  Central  Asia  to  the  shores  of  the  Arctic  Sea.  (See 
fig.  1.)  Within  this  space,  scarcely  inferior  in  area  to  the  whc 
Europe,  fossil  ivory  has  been  collected  almost  everywhere,  on 
banks  of  the  Irtish,  Obi,  Yenesei,  Lena,  and  other  rivers.  Th< 
phantine  remains  do  not  occur  in  the  marshes  and  low  plains 
where  the  banks  of  the  rivers  present  lofty  precipices  of  sand  and 
from  which  circumstance  Pallas  very  justly  inferred  that,  if  sec 
could  be  obtained,  similar  bones  might  be  found  in  all  the  ele 
lands  intervening  between  the  great  rivers.  Strahlenberg,  indeed 
stated,  before  the  time  of  Pallas,  that  wherever  any  of  the  great  i 
overflowed  and  cut  out  fresh  channels  during  floods,  more 
remains  of  the  same  kind  were  invariably  disclosed. 

As  to  the  position  of  the  bones,  Pallas  found  them  in  some  j 
imbedded  together  with  marine  remains;  in  others,  simply 
fossil  wood,  or  lignite,  such,  as  he  says,  might  have  been  dc 


*  The  speculations  Tvhich  follow,  on  Mammalia,  1844,  p.  261.  el  Mgf.,o1 

the  ancient  physical  geography  of  Siberia,  that  the  teeth  of  the  mammoth  diffi 

and  its  former  fitness  as  a  resilience  for  those   of  the  living  Asiatic  or  I 

the  mammoth,  were  first  given  in  their  ( lepliant  in  hanng  a  larger  propoi 

present  form  in  my  4th  edition,  June,  dense  enamel,  which  may  hare  em 

1835.     liecently  Sir  R.  Murchison  and  to  subsist  on  the  coarser  ligneoos 

his  companions  in  their  great  work  on  the  of  trees  and  shrubs.     la  short,  h 

Geology  of  Russia,  1845  (vol.  i.  p.  497.),  opinion,  that  the  structure  of  it«  U 

have,  in  citing  this  chapter,  declared  tliat  well  as  the  nature  of  its  epidem 

their   invefttigations   have   led    them   to  coverings,  may  have  made  it  **] 

similar  conclusions.    Professor  Owen,  in  compaoioa  for  the  reindeer.* 
his  excellent  Uistory  of  British  Fossil 
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WHB  carbonized  peat.  On  the  banks  of  the  Tenesei,  below  the  dty 
t  Eraniojarsk,  in  IaL  56°,  be  observed  grinders,  and  bones  of  ele- 
bants,  in  strata  of  jellon  and  red  loam,  alternating  with  coarse  sand 
id  gnvel,  in  which  was  also  much  petrified  wood  of  the  willow  and 
Iter  tnea.  Neither  here  nor  in  the  neighbouring  coantr7  were 
■ere  any  marine  shells,  hut  merely  layers  of  black  coaL*     But 

■  VtUta,  BeiM  in  Bom.  BciAb,  pp.  409,  410. 
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^•.  iautiJ>  01  lilt;  3iiinimoth  were  collected  much  farther  down  the  il 
ikci«  '.icur  xha  se:!,  in  lat.  70°,  mixed  with  marine  petrificatioi 
ytxkuy  oiiier  places  in  Siberia  are  cited  bj  Pallas,  where  sea  ali 
•uu  'i!4ie>   c««;di  accompanj  the  bones  of  the  mammoth,  rhinooa 
.lud  Sib^ritui  buAJo,  or  bison  {Bos  priscm).    But  it  is  not  on  ] 
L^bi  ?iur  the  Yenisei,  but  on  the  Lena,  farther  to  the  east,  whei^ 
tiic  sAuie  p^nftUels  of  latitude,  the  cold  is  far  more  intense,  that  Ita 
I  viu«iin:>  h{iv«  been  found  in  the  most  wonderful  state  of  presermtl 
111  l?7:^«  FalLis  obtained  from  Wiljuiskoi,  in  lat  64%  from  the  bil 
o('  uie  Wiljuu  a  tributary  of  the  Lena,  the  carcass  of  a  rhinoei 
^  /».  tH'korJkiHmsX  taken  from  the  sand  in  which  it  must  have  remai 
vviijiid!i\l  for  ages,  the  soil  of  that  region  being  always  frozei 
v%iuuu  A  $lig:fat  depth  of  the  surface.     This  carcass  was  compared 
.^  !ijitur:il  mummy,  and  emitted  an  odour  like  putrid  flesh,  part  of 
>^iu  N.aig  itill  covered  with  black  and  grey  hairs.     So  great,  indi 
>*a>  uic  quantity  of  hair  on  the  foot  and  head  conveyed  to  St.  Pelf 
Sui^«  '.iuc  l\tlUis  asked  whether  the  rhinoceros  of  the  Lena  ml 
'K*(    u^e  been  an  inhabitant  of  the  temperate  regions  of  mil 
.V^4.^  .ui  cu'thing  being  so  much  warmer  than  that  of  the  A(n 

l>x'»'oxi<»r  Urandt,  of  St  Petersburg,  in  a  letter  to  Baron  A 
\  v';»,  Mu(uMdi«  dated  1846,  adds  the  following  particulars  respect 
l.^.^  ^oaavrtul  Kv^sil  relic :  — "  I  have  been  so  fortunate  as  to  ext 
ifv'iii  vavtiK'x'i  in  the  molar  teeth  of  the  Wiljui  rhinoceros  a  si 
.^,i.*;*u;\  v»f  its  half-chewed  food,  among  which  fragments  of  ) 
.i,*vv.s  oiK-^hAlt'  of  the   seed  of  a   polygonaceous  plant,  and  i 
u.:i*tU-   '^.^»i■cions  of  wood  with  porous  cells  (or  small  fragment 
.X u.:\'»KM>  >%vyH)\  were  still  recognisable.    It  was  also  remarkable, 
.*vov    :i^v>:i^!iiion  of  the  head,  that  the  blood-vessels  discovere 
.)v    lu^  i  iw  of  the  mass  ap[)eared  filled,  even  to  the  capillary  ves 
\*,u»   h  ^ivwn  mass  (coagulateil  blood),  which  in  many  places 
..K'uvsl    .10  i\nI  wlour  of  blood."  J 

V  i\  i    iK'iv  than  thirty  years,  the  entire  carcass  of  a  mammotl 
\.4j*,  i  ^iKOioa  i»f  elephant)  was  obtained  in   1803,  by  Mr.  Ad 

\   .i.ilWA   to  the  north.     It  fell  from  a  mass  of  ice,  in  whi( 

'w,..    Kv.i  viK',4^n\K  on  the  banks  of  the  Lena,  in  lat.  70=*;  an 
,..vx*.,\  SaJ  ii»o  aoA  parts  of  the  carcass  been  preserved,  that 

\    \ I  lu^i,  \^.t*  dovourtHl  by  wolves  and  bears.     This  skeletc 

.    I   !.    a*  tmincuiu  \»f  St.  Petersburg,  the  head  retaining  its  int 

,  .,:   u.i.k\  of  iho  lisjamouts  entire.     The  skin  of  the  animal 

,, ,   i«  .»,  \k»iS  bUok  bristles,  thicker  than  horse  hair,  from  tiJi 

v..».»   uwKva  »u  Uiiiilh;  secondly,  with  hair  of  a  reddish  bi 

.  s,  .„    x'.a   luohes  long :  and  thirdly,  with  wool  of  the  i 

,K   V4:'. .  ^tvui  an  inch  in  length.     Of  the  fur,  upwan 

...^  \*oi^;iit  ^eiv  gathered  from  the  wet  sand-bank. 

.      *.»  *.Ux  Uvt  high  and  sixteen  feet  long,  without  reckc 


\  v.^,K  »^^^  \u».  |v  5S4.        J  Quart.  Joum.  GcoL  Soc.  Lon* 


CE.VL]  SIBERIAN  MAMMOTHS.  81 

the  large  curved  tusks  :  a  size  rarely  surpassed  by  the  largest  living 
mile  elephants.^ 

It  is  evident,  then,  that  the  mammoth,  instead  of  being  naked,  like 
the  living  Indian  and  African  elephants,  was  enveloped  in  a  thick 
shaggy  covering  of  fur,  probably  as  iippenetrable  to  rain  and  cold  as 
that  of  the  musk  ox.f  The  species  may  have  been  fitted  by  nature 
to  withstand  the  vicissitudes  of  a  northern  climate  ;  and  it  is  certain 
that,  from  the  moment  when  the  carcasses,  both  of  the  rhinoceros  and 
elephant,  above  described,  were  buried  in  Siberia,  in  latitudes  64^ 
and  70°  N.,  the  soil  must  have  remained  frozen,  and  the  atmosphere 
nearly  as  cold  as  at  this  day. 

The  most  recent  discoveries  made  in  1843  by  Mr.  Middendorf,  a 

distinguished  Russian  naturalist,  and  which  he  communicated  to 

me  in  September  1846,  afford  more  precise  information  as  to  the 

climate  of  the  Siberian  lowlands,  at  the  period  when  the  extinct 

qoadrupeds  were  entombed.     One  elephant  was  found  on  the  Tas, 

between  the  Obi  and  Yenesei,  near  the  arctic  circle,  about  lat.  66°  30' 

K,  with  some  parts  of  the  fiesh  in  so  perfect  a  state  that  the  bulb  of 

the  eye  is  now  preserved  in  the  Museum  at  Moscow.    Another  car* 

ms,  together  with  a  young  individual  of  the  same  species,  was  met 

with  in  the  same  year,  1843,  in  lat.  75®  15'  N.,  near  the  river  Taimyr, 

with  the  fiesh  decayed.    It  was  imbedded  in  strata  of  clay  and  sand, 

with  erratic  blocks,  at  about  15  feet  above  the  level  of  tbe  sea.   In  the 

same  deposit  Mr.  Middendorf  observed  the  trunk  of  a.larch  tree  {Pinus 

larix)y  the  same  wood  as  that  now  carried  down  in  abundance  by  the 

Taimyr,  to  the  Arctic  Sea.   There  were  also  associated  fossil  shells  of 

living  northern  species,  and  which  are  moreover  characteristic  of  the 

drift  or  glacial  deposits  of  Europe.  Among  these  Nucula pygmcBOy  TeU 

Una  calcareoy  Mya  truncata,  and  Saxicava  rugosa  were  conspicuous. 

So  fresh  is  the  ivory  throughout  northern  Russia,  that,  according 
to  Tilesius,  thousands  of  fossil  tusks  have  been  collected  and  used  in 


•  Journal  da  Nord,  St  Petersburg,  Sahamnpore,  lat  80°  N.,  upon  the  «x- 
1S07-  treme  northern  limits  of  the  range  of  the 
f  Fleming,  £d.  New  Phil.  Joum^  No.  elephant    Mr.  Everest  also  declares  that 
xii,  p.  285.  he  has  heen  equally  unsuccessful  in  find- 
Bishop  Heber  informs  us  (Narr.  of  a  ing  any  one  aware  of  the  existence  of 
Jooroey  through  the  Upper  P^vinces  of  such  a  variety  or  breed  of  the  animal, 
India,  voL  ii.  p.  166—219.),  that  in  the  though  one  solitary  individual  was  men- 
lower  range  of  the  Himalaya  mountains,  tioned  to  him  as  having  been  seen  at 
in  the  Dorih-eastem  borders  of  the  Delhi  Delhi,  with  a  good  deal  of  long  hair  upon 
territofy,  between  lat  29°  and  30°,  he  it    The  greatest  elevation,  says  Mr.  K, 
Mw  an  Indian  elephant  of  a  small  size,  at  which  the  wild  elephant  is  found  in 
covered  with   shaggy  hair.     But    this  the  mountains  to  the  north  of  Bengal,  is 
variety  must  be  exceedingly  rare  ;  for  at  a  place  called  Nahun,  about  4000  feet 
Mr.  Boyle  (late  superintendent  of  the  above  the  level  of  the  sea,  and  in  the  Slst 
East  India  Compan/s  Botanic  Garden  degree  of  N.  lat,  where  the  mean  yearly 
at  Sahamnpore)  has  assured  me,  that  temperature  may  be  about  64°  Fahren- 
being  in  India  when  Hebcr*8  Journal  heit,  and  the  difference  between  winter 
app^red,  and  having  never  seen  or  heard  and  summer  very  great,  equal  to  about 
of  such  ^phants,  he  made  the  strictest  36°  F.,  the  month  of  January  averaging 
inqniries  reqwcting  the  fact,  and  was  45°,  and  June,  the  hottest  month,  81°  F. 
never  able  to  obuun  any  evidence  in  (Everest  on  climate  of   Foss.    Eleph., 
curroboratioiL    Mr.   Boyle   resided   at  Joom.  of  Asiat  Soc,  No.  25.  p.  21.) 
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turning ;  yet  others  are  still  procured  and  sold  in  great  plenl 
declares  his  belief  that  the  bones  still  left  in  northern  Bi 
greatly  exceed  in  number  all  the  elephants  now  living  on  the 

We  are  as  yet  ignorant  of  the  entire  geographical  range 
mammoth ;  but  its  remains  have  been  recently  ooUected 
cliffs  of  frozen  mud  and  ice  on  the  east  side  of  Behring's 
Eschscholtz's  Bay,  in  Russian  America,  lat  66^  N.     As  tht  j 
waste  away  by  the  thawing  of  the  ice,  tusks  and  bones  fall  onti  i 
strong  odour  of  animal  matter  is  exhaled  from  the  mud.^ 
•^    On  considering  all  the  facts  above  enumerated,  it  seems  reani 
to  imagine  that  a  large  region  in  central  Asia,  including,  perhap 
southern  half  of  Siberia,  enjoyed,  at  no  very  remote  period  k 
earth's    history,   a  temperate   climate,    sufficiently  mild  to  I 
food  for  numerous  herds  of  elephants  and  rhinoceroses,  ofwpwk 
tinctfrom  those  now  living.    It  has  usually  been  taken  for  gA 
that  herbivorous  animals,  of  large  size,  require  a  very  luxf 
vegetation  for  their  support ;  but  this  opinion  is,  according  tl 
Q^rwip,  completely  erroneous:  —  "It  has  been  derived,*  he 
"  from  our  acquaintance  with  India  and  the  Indian  islands,  whei 
mind  has  been  accustomed  to  associate  troops  of  elephants  with 
forests  and  impenetrable  jungles.     But  the  southern  parts  of  A 
from  the  tropic  of  Capricorn  to  the  Cape  of  Good  Hope,  ahl 
sterile  and  desert,  are  remarkable  for  the  number  and  great  bi 
their  indigenous  quadrupeds.     We  there  meet  with  an  elephant 
species  of  rhinoceros,  a  hippopotamus,  a  giraffe,  the  bos  caffc 
elan,  two  zebras,  the  quagga,  two  gnus,  and  several  antelopes, 
must  we  suppose,  that  while  the  species  are  numerous,  the  indiv 
of  each  kind  are  few.     Dr.  Andrew  Smith  saw,  in  one  day's  mai 
lat.  24^  S.,  without  wandering  to  any  great  distance  on  eithei 
about  150  rhinoceroses,  with  several  herds  of  giraffes,  and  his 
had  killed,  on  the  previous  night,  eight  hippopotamuses.     Y 
country  which   they  inhabited  was  thinly  covered  with  grai 
bushes  about  four  feet  high,  and  still  more  thinly  with  mimosa 
so  that  the  waggons  of  the  travellers  were  not  prevented  fron 
ceeding  in  a  nearly  direct  line.**  t 

In  order  to  explain  how  so  many  animals  can  find  support  i 
region,  it  is  suggested  that  the  underwood,  of  which  their  food  < 
consists,  may  contain  much  nutriment  in  a  small  bulk,  and  all 
the  vegetation  has  a  rapid  growth ;  for  no  sooner  is  a  part  com 
than  its  place,  says  Dr.  Smith,  is  supplied  by  a  fresh  stock.  ] 
theless,  after  making  every  allowance  for  this  successive  prod 
and  consumption,  it  is  clear,  from  the  facts  above  cited,  tb 
quantity  of  food  required  by  the  larger  herbivora  is  much  les 
we  have  usually  imagined.  Mr.  Darwin  conceives  that  the  t 
of  vegetation  supported  at  any  one  time  by  Great  Britain  may  c 
in  a  ten-fold  ratio,  the  quantity  existing  on  an  equal 


*  See  Dr.  BacUand's  description  of    America,  Sec,   lSS2->lSSa,  in 
these  bones,  Appen.  to  Beechj*s  Yoy.        of  U.M.S.  BMgle,  p.  9S.     Sd  I 
f  Darwin,  Journal  of  Travels  in  S.    don,  1845,  p.  86. 
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interior  parts  of  Soathern  Africa.^  It  is  remarked,  moreover,  in 
fflustratioii  of  the  small  connexion  discoverable  between  abundance 
of  food  and  the  magnitude  of  indigenous  manunalia,  that  while  in  the 
desert  part  of  Southern  Africa  there  are  so  man j  huge  animals ;  in 
Brazil,  where  the  splendour  and  exuberance  of  the  vegetation  are 
imrivalled,  there  is  not  a  single  wild  quadruped  of  large  size.^ 

It  would  doubtless  be  impossible  for  herds  of  mammoths  and 
rhinoeeroses  to  subsist,  at  present,  throughout  the  jear,  even  in  the 
Boothem  part  of  Siberia,  covered  as  it  is  with  snow  during  winter  ; 
hot  there  is  no  difficulty  in  supposing  a  vegetation  capable  of  nourish- 
ing these  great  quadrupeds  to  have  once  flourished  between  the  lati- 
tudes 40^  and  6(r  N. 

Dr.  Fleming  has  hinted,  that  ^'  the  kind  of  food  which  the  existing 
species  of  elephant  prefers,  will  not  enable  us  to  determine,  or  even  to 
Hffer  a  probable  conjecture,  concerning  that  of  the  extinct  species. 
No  one  acquainted  with  the  gramineous  character  of  the  food  of  our 
fallow-deer,  stag,  or  roe,  would  have  assigned  a  lichen  to  the  rein- 


TraveUers  mention  that,  even  now,  when  the  climate  of  eastern 
Asia  is  so  much  colder  than  the  same  parallels  of  latitude  farther 
west,  there  are  woods  not  only  of  fir,  but  of  birch,  poplar,  and  alder, 
on  the  banks  of  the  Lena,  as  far  north  as  latitude  60°. 

It  hafl^  moreover,  been  suggested,  that  as,  in  our  own  times,  the 
ncTthem  animals  migrate,  so  the  Siberian  elephant  and  rhinoceros 
msj  have  wandered  towards  the  north  in  summer.  The  musk  oxen 
annually  desert  their  winter  quarters  in  the  south,  and  cross  the  sea 
upon  the  ice,  to  graze  for  four  months,  from  May  to  September,  on 
the  rich  pasturage  of  Melville  Island,  in  lat  75°.  The  mammoths, 
without  passing  so  far  beyond  the  arctic  circle,  may  nevertheless 
have  made  excursions,  during  the  heat  of  a  brief  northern  summer, 
ftmn  the  central  or  temperate  parts  of  Asia  to  the  sixtieth  parallel  of 
latitude. 

Now,  in  this  case,  the  preservation  of  their  bones,  or  even 
oecasionally  of  their  entire  carcasses,  in  ice  or  frozen  soil,  may  be 
accounted  for,  without  resorting  to  speculations  concerning  sudden 
revolutions  in  the  former  state  and  climate  of  the  earth's  surface. 
We  are  entitled  to  assume,  that,  in  the  time  of  the  extinct  elephant 
and  rhinoceros,  the  Lowland  of  Siberia  was  less  extensive  towards  the 
north  than  now ;  for  we  have  seen  (p.  80.)  that  the  strata  of  this 
Lowland,  in  which  the  fossil  bones  lie  buried,  were  originally 
deposited  beneath  the  sea  ;  and  we  know,  from  the  facts  brought  to 
fi|^  in  Wrangle's  Voyage,  in  the  years  1821,  1822,  and  1823,  that  a 
slow  upheaval  of  the  land  along  the  borders  of  the  Icy  Sea  is  now 
eoostantly  taking  place,  similar  to  that  experienced  in  part  of  Sweden. 
In  the  same  manner,  then,  as  the  shores  of  the  Gulf  of  Bothnia  are 

*  Darwin,  Jownal  of  Travels  ia  S.        f  Borchell,  cited  by  Dtnrin,  ibid., 
&G.,  p.  99.  Sd  Ed.  p.  85.  p.  101.    id  Ed.  p.  87. 
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extended,  not  only  by  the  influx  of  sediment  brought  down  by 
but  also  by  the  elevation  and  consequent  drying  up  of  the  bed 
sea,  so  a  like  combination  of  causes  may,  in  modern  times,  hai 
extending  the  low  tract  of  land  where  marine  shells  and  fossil 
occur  in  Siberia.*  Such  a  change  in  the  physical  geography 
region,  implying  a  constant  augmentation  in  the  quantity  of 
land,  would,  according  to  principles  to  be  explained  in  the 
chapter,  tend  to  increase  the  severity  of  the  winters.  We 
conclude,  therefore,  that,  before  the  land  reached  so  far  to  the  of 
the  temperature  of  the  Siberian  winter  and  summer  was  more  af 
equalized;  and  a  greater  degree  of  winters  cold  may,  even  tj 
than  a  general  diminution  of  the  mean  annual  temperature^  j 
finally  contributed  to  the  extermination  of  the  mammoth  and  itfti 
temporaries. 

On  referring  to  the  map  (p.  79.),  the  reader  will  see  how  al 
great  rivers  of  Siberia  flow  at  present  from  south  to  north,  -. 
temperate  to  arctic  regions,  and  they  are  all  liable,  like  the  Mackf 
in  North  America,  to  remarkable  floods,  in  consequence  of  flown 
this  direction.     For  they  are  filled  with  running  water  in  their  i 
or  southern  course  when  completely  frozen  over  for  several  hin 
miles  near  their  mouths,  where  they  remain  blocked  up  by  io 
six  months  in  every  year.     The  descending  waters,  therefore,  fii 
no  open  channel,  rush  over  the  ice,  often  changing  their  direi 
and  sweeping   along  forests  and  prodigious  quantities  of  soil 
gravel  mixed  with  ice.     Now  the  rivers  of  Siberia  are  amon| 
largest  in  the  world,  the  Yenesei  having  a  course  of  2500,  the 
of  2000  miles ;  so  that  we  may  easily  conceive  that  the  bodi 
animals  which  fall  into  their  waters  may  be  transported  to 
distances  towards  the  Arctic  Sea,  and,  before  arriving  there,  m 
stranded  upon  and  often  frozen  into  thick  ice.     Afterwards,  whc 
ice  breaks  up,  they  may  be  floated  still  farther  towards  the  c 
until  at  length  they  become  buried  in  fluviatile  and  submarine  de 
near  the  mouths  of  rivers. 

Humboldt  remarks  that  near  the  mouths  of  the  Lena  a  considi 
thickness  of  frozen  soil  may  be  found  at  all  seasons  at  the  d^ 
a  few  feet ;  so  that  if  a  carcass  be  once  imbedded  in  mud  and  i 
such  a  region  and  in  such  a  climate,  its  putrefaction  may  be  an 
for  indefinite  ages.f  According  to  Prof.  Von  Baer  of  St  Peten 
the  ground  is  now  frozen  permanently  to  the  depth  of  400  f< 
the  town  of  Yakutzt,  on  the  western  bank  of  the  Lena,  in  lat.  6 
600  miles  distant  from  the  polar  sea.  Mr.  Hedenstrom  te 
that,  throughout  a  wide  area  in  Siberia,  the  boundary  cliffs  \ 
lakes  and  rivers  consist  of  alternate  layers  of  earthy  materiak  ai 


•  Since  the  above  passage  was  first  the  Lowland  of  Siberia  has  actaal 

printed  in  u  former  edition,  Juno  1835,  extended,   since  the   erUting  ^ 

it  has  been  sliown  hy  the  observations  of  shells  inhabited  the  northern  seas. 

Sir  R.  Mun-hison,  M.  de  Vcmeuil,  an<l  f  Humboldt,    Fragmens    Aai 

Count  Keyserlinjr,  and  more  recently  by  torn.  ii.  p  893. 
31  Middendorf  (see  above,  p.  81.),  that 
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m  horiaontal  stratification*;  and  Mr.  Middendorf  informed  us,  in 
1846^  tliaty  in  bis  tour  there  three  years  before,  he  had  bored  in 
Siberia  to  the  depth  of  seventy  feet,  and,  after  passing  through  much 
froien  soil  mixed  with  ice,  had  come  down  upon  a  solid  mass  of  pure 
tnmsparent  ice,  the  thickness  of  which,  after  penetrating  two  or  three 
yards,  they  did  not  ascertain.  We  may  conceive,  therefore,  that 
eren  at  the  period  of  the  mammoth,  when  the  Lowland  of  Siberia 
WBi  less  extensive  towards  the  north,  and  consequently  the  climate 
more  t^nperate  than  now,  the  cold  may  still  have  been  sufficiently 
intense  to  cause  the  rivers  flowing  in  their  present  direction  to 
iweep  down  from  south  to  north  the  bodies  of  drowned  animals,  and 
there  bury  them  in  drift  ice  and  frozen  mud. 

If  it  be  true  that  the  carcass  of  the  mammoth  was  imbedded  in 
pore  ice,  there  are  two  ways  in  which  it  may  have  been  frozen  in. 
We  may  suppose  the  animal  to  have  been  overwhelmed  by  drift  snow ; 
I  have  been  informed  by  Dr.  Richardson,  that,  in  the  northern  parts 
of  America,  comprising  regions  now  inhabited  by  many  herbivorous 
qotdrupeds,  the  drift  snow  is  often  converted  into  permanent  glaciers. 
It  is  commonly  blown  over  the  edges  of  steep  clifl*s,  so  as  to  form  an 
iaelined  talus  hundreds  of  feet  high ;  and  when  a  thaw  commences, 
torrents  rush  from  the  land,  and  throw  down  from  the  top  of  the  cliff 
alluvial  soil  and  gravel.  This  new  soil  soon  becomes  covered  with 
vegetation,  and  protects  the  foundation  of  snow  from  the  rays  of  the 
nm.  Water  occasionally  penetrates  into  the  crevices  and  pores  of  the 
mow ;  but,  as  it  soon  freezes  again,  it  serves  the  more  rapidly  to  con- 
loiidate  the  mass  into  a  compact  iceberg.  It  may  sometimes  happen 
hat  cattle  grazing  in  a  valley  at  the  base  of  such  clifis,  on  the  borders 
if  a  sea  or  river,  may  be  overwhelmed,  and  at  length  enclosed  in  solid 
oe^  and  then  transported  towards  the  polar  regions.  Or  a  herd  of 
aammoths  returning  from  their  summer  pastures  in  the  north,  may 
lave  been  surprised,  while  crossing  a  stream,  by  the  sudden  conge- 
ation  of  the  waters.  The  missionary  Hue  relates,  in  his  Travels  in 
rhibet  in  1846,  that,  after  many  of  his  party  had  been  frozen  to  death, 
bey  pitched  their  tents  on  the  banks  of  the  Mouroui-Ousson  (which 
ower  down  becomes  the  famous  Blue  River),  and  saw  from  their 
BcampBient  '^  some  black  shapeless  objects  ranged  in  file  across  the 
tream.  As  they  advanced  nearer  no  change  either  in  form  or  dis- 
ioctness  was  apparent ;  nor  was  it  till  they  were  quite  close, 
bat  they  recognized  in  them  a  troop  of  the  wild  oxen,  called 
Tak  bj  the  Thibetans-f  There  were  more  thlin  fifty  of  them 
Dcmsted  in  the  ice.  No  doubt  they  had  tried  to  swim  across  at 
be  iDoment  of  congelation,  and  had  been  unable  to  disengage  them- 
elves.  Their  beautiful  heads,  surmounted  by  huge  horns,  were  still 
bove  the  surface,  but  their  bodies  were  held  fast  in  the  ice,  which 
raa  so  transparent  that  the  position  of  the  imprudent  beasts  was 


^  BeboaL  GeoL  de  la  Periode  Qnater-        f  CoDJcctured  to  be  the  wild  stock  of 
itie,  who  cites  Obterr.  sor  la  ^b^e,    Bot  grannieiis. 
ibL  Univ.,  Jnillet,  1832. 
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easily  distinguishable ;  they  looked  as  if  still  swimming,  bat  the  m^ 

and  ravens  had  pecked  out  their  eyes.**^  i 

^^  The  foregoing  investigations,  therefore,  lead  na  to  infer  thitfii 

mammoth,  and  some  other  extinct  quadrupeds  fitted  to  live  in  Ij 

latitudes,  were  inhabitants  of  Northern  Asia  at  a  time  when  >. 

geographical  conditions  and  climate  of  that  continent  were  diAi 

_from  the  present.    But  the  age  of  this  fauna  was  comparatin 

modern  in  the  earth's  history.    It  appears  that  when  the  oldeal 

eocene  tertiary  deposits  were  formed,  a  T^arm  temperature  pervaded 

European  seas  and  lands.     Shells  of  the  genus  Nautilus  and  oi 

forms  characteristic  of  tropical  latitudes  ;  fossil  reptiles,  such  at 

crocodile,  turtle,  and  tortoise ;  plants,  such  as  palms,  some  of  ll 

allied  to  the  cocoa-nut,  the  screw-pine,  the  custard-apple,  and 

acacia,  all  lead  to  this  conclusion.    This  flora  and  fauna  were  f<^ 

by  those  of  the  miocene  formation,  in  which  indications  of  a  soatb 

but  less  tropical  climate  are  detected.    Finally,  the  pliocene  depe 

which  come  next  in  succession,  exhibit  in  their  organic  remains  a  n 

nearer  approach  to  the  state  of  things  now  prevailing  in  correspon 

latitudes.    It  was  towards  the  close  of  this  period  that  the  seas  etf 

northern  hemisphere  became  more  and  more  filled  with  floating 

bergs  often  charged  with  erratic  blocks,  so  that  the  waters  anc 

atmosphere  were  chilled  by  the  melting  ice,  and  an  arctic  fi 

enabled,  for  a  time,  to  invade  the  temperate  latitudes  both  o 

America  and  Europe.     The  extinction  of  a  considerable  numb 

land  quadrupeds  and  aquatic  moUusca  was  gradually  brought  t 

by  the  increasing  severity  of  the  cold  ;  but  many  species  survived 

revolution  in  climate,   either  by  their  capacity  of  living  und 

variety  of  conditions,  or  by  migrating  for  a  time  to  more  southern ! 

and  seas.     At  length,  by  modifications  in  the  physical  geography  c 

northern  regions,  and  the  cessation  of  floating  ice  on  the  eastern 

of  the  Atlantic,  the  cold  was  moderated,  and  a  milder  climate  en 

_such  as  we  now  enjoy  in  Europe. f 

Proofs  from  fossils  in  secondary  and  stUl  older  strata. — A 
interval  of  time  appears  to  have  elapsed  between  the  formation  < 
secondary  strata,  which  constitute  the  principal  portion  of  thi 
vated  land  in  Europe,  and  tiie  origin  of  the  eocene  deposits, 
examine  the  rocks  from  the  chalk  to  the  new  red  sandstone  ind) 
we  find  many  distinct  assemblages  of  fossils  entombed  in  them, 
unknown  species,  and  many  of  them  referable  to  genera  and  fai 
now  most  abundant   between  the  tropics.     Among  the   mof 
markable  are  reptiles  of  gigantic  size;  some  of  them  herbiT< 
others  carnivorous,  and  far  exceeding  in  size  any  now  known 


•  Recollections  of  a  Journey  through  relate  to  the   **  glacial   epoch," 

Tartarr,  Thibet,  and  China  (eh-  xv.  p.  admirable   essay  by  Prof.   E.    ' 

234.),  by  M.  Hue     Longman,  1852.  Memoirs  of  Geol.  Sur>-ey  of  Gro 

t  For  an  account  of  the  more  modem  vol.  i.  p.  336.     London,  1846.     ' 

changes  of  the  tertiary  fauna  and  flora  important  memoir  I  shall  have  £ 

of  the  British  Isles  and  adjoining  coun-  occasion  to  refer  in  the  sequel* 
tries,  and  particularly  those  facts  which 
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R  the  torrid  zone.  The  genera  are  for  the  most  part  extinct,  but 
KHDe  of  them,  as  the  crocodile  and  monitor,  have  still  representatives 
n  the  warmer  parts  of  the  earth.  Coral  reefs  also  were  evidently 
mmeroiis  in  the  seas  of  the  same  periods,  composed  of  species  often 
bdonging  to  genera  now  characteristic  of  a  tropical  climate.  The 
iiiimber<^  large  chambered  shells  also,  including  the  nautilus,  leads  us 
to  infer  an  elevated  temperature ;  and  the  associated  fossil  plants, 
ilthoQgh  imperfectly  known,  tend  to  the  same  conclusion,  the  Cycade® 
ecmstitating  the  most  numerous  family. 

Bat  it  is  from  the  more  ancient  coal  deposits,  that  the  most 
ettnwrdinary  evidence  has  been  supplied  in  proof  of  the  former 
Biistenee  of  a  very  different  climate,  a  climate  which  seems  to  have 
been  moist,  warm,  and  extremely  uniform,  in  those  very  latitudes 
vfcieh  are  now  the  colder,  and  in  regard  to  temperature  the  most 
^able  regions  of  the  globe.  We  learn  from  the  researches  of 
Uoiphe  Brongniart,  Groeppert,  and  other  botanists,  that  in  the  flora 
i  the  carboniferous  era  there  was  a  great  predominance  of  ferns» 
ome  of  which  were  arborescent ;  as,  for  example,  Caulopteris^  Pro- 
ipteris,  and  Psarronius ;  nor  can  this  be  accounted  for,  as  some  have 
ipposed,  by  the  greater  power  which  ferns  possess  of  resisting  mace-» 
ition  in  water.*  This  prevalence  of  ferns  indicates  a  moist,  equable, 
id  temperate  climate,  and  the  absence  of  any  severe  cold ;  for  such 
e  the  conditions  which,  at  the  present  day,  are  found  to  be  most 
voarable  to  that  tribe  of  plants.  It  is  only  in  the  islands  of  the 
opical  oceans,  and  of  the  southern  temperate  zone,  such  as  Norfolk 
bmd,  Otaheite,  the  Sandwich  Islands,  Tristan  d'Acunba,  and  New 
saland,  that  we  find  any  near  approach  to  that  remarkable  prepon- 
dranee  of  ferns,  which  is  characteristic  of  the  Carboniferous  flora. 
has  been  observed  that  tree  ferns  and  other  forms  of  vegetation 
bich  flourished  most  luxuriantly  within  the  tropics,  extend  to  a 
sch  greater  distance  from  the  equator  in  the  southern  hemisphere 
an  in  the  northern,  being  found  even  as  far  as  46^  S.  latitude  in 
Bw  Zealand.  There  is  little  doubt  that  this  is  owing  to  the  more 
liform  and  moist  climate  occasioned  by  the  greater  proportional 
ea  of  sea.  Next  to  ferns  and  pines,  the  most  abundant  vegetable 
rms  in  the  coal  formation  are  the  Calamites,  Lepidodendra,  Sigillarise, 
id  Stigmarias.  These  were  formerly  considered  to  be  so  closely 
lied  to  tropical  genera,  and  to  be  so  much  greater  in  size  than  the 
rreaponding  tribes  now  inhabiting  equatorial  latitudes,  that  they 
one  thought  to  imply  an  extremely  hot,  as  well  as  humid  and 
nable  climate.  But  recent  discoveries  respecting  the  structure  and 
lations  of  these  fossil  plants,  have  shown  that  they  deviated  so 
idely  from  all  existing  types  in  the  vegetable  world,  that  we  have 
ore  reason  to  infer  from  this  evidence  a  widely  different  climate  in 
«  Carboniferous  era,  as  compared  to  that  now  prevailing,  than  a 

*  See  a  paper  bj  Charles  J.  F.  Bonbnrj.Esq.  Jooni.  of  GeoL  Soc  London, 
>.  a.  p.  88.     1846. 
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temperature  extremely  elevated.*  Palms,  if  not  entirely 
when  the  strata  of  the  carboniferous  group  were  deposited,  app« 
have  been  exceedingly  rarcf  The  Coni ferae,  on  the  other  1 
so  abundantly  met  with  in  the  coal,  resemble  Araucarite  in  straol 
a  family  of  the  fir  tribe  characteristic  at  present  of  the  milder  re| 
of  the  southern  hemisphere,  such  as  Chili,  Brazil,  New  Holland, 
Norfolk  Island. 

^^  In  regard  to  the  geographical  extent  of  the  ancient  v^etati( 
was  not  confined,**  says  M.  Brongniart,  "to  a  small  space,  i 
Europe,  for  example ;  for  the  same  forms  are  met  with  again  at  | 
distances.  Thus,  the  coal-plants  of  North  America  are,  for  the 
part,  identical  with  those  of  Europe,  and  all  belong  to  the  i 
genera.  Some  specimens,  also,  from  Greenland,  are  referabl 
ferns,  analogous  to  those  of  our  European  coal  mines.^:^  The  : 
plants  brought  from  Melville  Island,  although  in  a  very  impe 
state,  have  been  supposed  to  warrant  similar  conclusions  § ; 
assuming  that  they  agree  with  those  of  Baffin's  Bay,  mentione 
M.  Brongniart,  how  shall  we  explain  the  manner  in  which  so 
vegetation  lived  tiirough  an  arctic  night  of  several  months'  < 
tion  ?  II 

It  may  seem  premature  to  discuss  this  question,  until  the 


♦  The   Calamities  were  formerly  re-  (1834),  to  show  in  the  "Fossil  1 

gardcd  hy  Adolphe  Bronj^iart  as  belong-  that  Trigonocarpum  Nocpgcrathii, 

ing  to  the  tribe  of  Equisctaeeo? ;  but  he  is  found  in  the  coal  measures,  has  tl 

now  inclined  to  refer  them  to  the  class  structure  of  a  palm* fruit ;  but  Ad.  1 

of  gymnogens   or   jrymnospermous  ex-  niart  has  since  inclined  to  rcgan 

ogens,  which  includes  the  Conifene  and  cyciuleous;  nor  is   the  French  h 

Cycadcaj.     Lepidodendron    a])])ear8    to  satisfied  that  some  specimens  of  su) 

have  l)cen  either  a  gigantic  form  of  the  palm -wood  from  the  coal  mines  of  B 

lycopodium  tribe,  or,   as    Dr.   Lindley  in  Bohemia,  descril)ed  by  Corda, 

thinks,  intermediate  between  the  lyco-  belong  to  palms.     On  the  other 

po<lia  and  the  fir  tribe.     The  SigilhiriflD  Corda  has  i)rovcd  Flabcllaria  bora 

were  formerly  supposed  by  Ad.  Brong-  of  Steniberg  to  Ihj  an  exogenous 

niart,  to  be  arborescent  ferns  ;  but   the  and  Brongniart  contends  thai  it  wai 

discovery  of  their  internal  structure,  and  to    the     C\vcadea?.      See    Tables 

of  their   leaves,  has  since  proved  that  Genres  de  VegetauxFossiles.  PariJ 
they  have  no  real  affinity  to  ferus.     Ac-         J  Prodrome  d'une   Hist,   dcs 

cording  to  the  view  now  taken  of  their  Foss.   p.    179.     See  also  a  late 

structure,  their  nearest  allies  in  the  re-  Quart.    Jouni.   of   Geol.   Soc.  L 

cent  world   are   the  genera  (\vcas  and  1 846,  in  which  coal-plants  of  All 

Zainia  ;  while  Corda,  on  the  other  hand,  lat.  33°  N.,  collected  by  the  autfa 

maintains  that  they  were  closely  related  identified  by  Mr.  Bunburj'  with  '. 

to  the  succulent  euphorbias.     Stigmaria  fossil  spi'cies,  showing  the  great  so 

is  now  generally  admitcd  to  have  been  extension  of  this  flora, 
merely  the  root  of  sigillaria.    The  sea-        §  Kiinig,  Joum.  of  Sci.  voL  xv. 

lariform  vessels  of  these  two  genera  are  IMr.  Konig  informs  me,  that  he  no 

not  conclusive  in  proving  them  to  have  believes  any  of  these  fossils  to  I 

a  real  afllinity  with  ferns,  as  Mr.  Brown  ferns  as  he  at  first  stated,  bat  thi 

has   tliscovered   the   same    structure    of  agn^e  gi'nerically  with  plants  in  « 

vessels  in  Myiodendnm,  a  genius  allied  glish   coal-beds.     The    Melville 

to  the  mistletoe  ;  and  Corda  has  lately  specimens,  now  in  the  British  Mi 

shown  that  in  two  species  of  Stigmjiria,  are  very  obscure  impressions, 
hardly  distinguishable  by  external  cha-         ||  Fossil  Flora  of  Great   Brita 

ractcrs,  the  vessels  of  the  one  arc  scalari-  John    Lindley    and    William    I: 

form,  and  of  the  other  dotted.  Esqrs.  No.  IV. 

f  Mr.  Lindley  endeavoured  formerly 
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oature  of  the  fossil  flora  of  the  arctic  regions  has  been  more  accurately 
determined ;  yet,  as  the  question  has  attracted  some  attention,  let  us 
anome  for  a  moment,  that  the  coal  plants  of  Melville  Island  are 
strictly  anal<^ous  to  those  of  the  strata  of  Northumberland — would 
SQch  a  fact  present  an  inexplicable  enigma  to  the  vegetable  phy- 
ndogist? 

Plants,  it  is  affirmed,  cannot  remain  in  darkness,  even  for  a  week, 
withoat  serious  injury,  unless  in  a  torpid  state;  and  if  exposed  to 
beat  and  moisture  they  cannot  remain  torpid,  but  will  grow,  and  must 
therefore  perish.  If;  then,  in  the  latitude  of  Melville  Island,  75°  N., 
a  kigh  temperature,  and  consequent  humidity,  prevailed  at  that  period 
when  we  know  the  arctic  seas  were  filled  with  corals  and  large  mul- 
tilocalar  shells,  how  could  plants  of  tropical  forms  have  flourished  ? 
Is  not  the  bright  light  of  equatorial  regions  as  indispensable  a  con- 
dition of  their  well-being  as  the  sultry  heat  of  the  same  countries  ? 
•od  how  could  they  annually  endure  a  night  prolonged  for  three 
oontha?* 

Now,  in  reply  to  this  objection,  we  must  bear  ii;i  mind,  in  the  first 
place,  that,  so  far  as  experiments  have  been  made,  there  is  every 
reason  to  conclude,  that  the  range  of  intensity  of  light  to  which  living 
plants  can  accommodate  themselves  is  far  wider  than  that  of  heat. 
No  {talms  or  tree  ferns  can  live  in  our  temperate  latitudes  without 
protection  from  the  cold  :  but  when  placed  in  hot-houses  they  grow 
loxuriantly,  even  under  a  cloudy  sky,  and  where  much  light  is  in- 
tercepted by  the  glass  and  frame-work.     At  St.  Petersburg,  in  lat. 
60°  N.,  these  plants  have  been  successfully  cultivated  in  hot-houses, 
although  there  they  must  exchange  the  perpetual  equinox  of  their 
native  regions,  for  days  and  nights  which  are  alternately  protracted  to 
nineteen  hours  and  shortened  to  five.     How  much  farther  towards 
the  pole  they  might  continue  to  live,  provided  a  due  quantity  of  heat 
and  moisture  were  supplied,  has  not  yet  beea  determined ;  but  St. 
Petersburg  is  probably  not  the  utmost  limit,  and  we  should  expect 
that  in  lat.  65°  at  least,  where  they  would  never  remain  twenty-four 
hours  without  enjoying  the  sun's  light,  they  might  still  exist. 

It  should  also  be  borne  in  mind,  in  regard  to  tree  ferns,  that  they 
grow  in  the  gloomiest  and  darkest  parts  of  the  forests  of  warm  and 
temperate  regions,  even  extending  to  nearly  the  46th  degree  of  south 
latitude  in  New  2^aland.  In  equatorial  countries,  says  Humboldt, 
they  abound  chiefly  in  the  temperate,  humid,  and  shady  parts  of 
mauTUains.  As  we  know,  therefore,  that  elevation  often  compensates 
for  the  effect  of  latitude  in  the  geographical  distribution  of  plants,  we 
may  easily  understand  that  a  class  of  vegetables,  which  grows  at  a 
certain  height  in  the  torrid  zone,  would  flourish  on  the  plains  at  greater 
distances  from  the  equator,  if  the  temperature,  moisture,  and  other 
oeeessarj  conditions,  were  equally  uniform  throughout  the  year. 


^  Fo«fl  Fkxra  of  Great  Britain,  bj  John  Lindlej  and  William  Hatton,  Esqra. 
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Nor  must  we  forget  that  in  all  the  examples  above  alluded  to^  w 
have  been  speaking  of  living  species ;  but  the  coal-plants  were  of  pm 
fectlj  distinct  species,  nay,  few  of  them  except  the  ferns  and  pines  efl 
be  referred  to  genera  or  even  families  of  the  existing  vegetable  kingdoa 
Having  a  structure,  therefore,  and  often  a  form  which  appears  to  A 
botanist  so  anomalous,  they  may  also  have  been  endowed  with  a  dl 
ferent  constitution,  enabling  them  to  bear  a  greater  variation  of  eb 
cumstances  in  regard  to  light.  We  find  that  particular  speciei  « 
plants  and  tree  ferns  require  at  present  different  degrees  of  heat ;  n 
that  some  species  can  thrive  only  in  the  immediate  neighbourhood  i 
^  the  equator,  others  only  a  distance  from  it  In  the  same  manoh 
the  minimum  of  lights  sufficient  for  the  now  existing  species,  canai 
be  taken  as  the  standard  for  all  analogous  tribes  that  may  ever  hav 
flourished  on  the  globe. 

But  granting  that  the  extreme  northern  point  to  which  a  flora  HI 
that  of  the  Carboniferous  era  could  ever  reach,  may  be  somewhat 
between  the  latitudes  of  65°  and  70^,  we  should  still  have  to  inquta 
whether  the  vegetable  remains  might  not  have  been  drifted  froi 
thence,  by  rivers  and  currents,  to  the  parallel  of  Melville  Island^  t 
still  farther.  In  the  northern  hemisphere,  at  present,  we  see  that  ll 
materials  for  future  beds  of  lignite  and  coal  are  becoming  amassed  I 
high  latitudes,  far  from  the  districts  where  the  forests  grew,  and  a 
shores  where  scarcely  a  stunted  shrub  can  now  exist.  The  Mackenii) 
and  other  rivers  of  North  America,  carry  pines  with  their  riots  m 
tached  for  many  hundred  miles  towards  the  north,  into  the  Arctic  So 
where  tliey  are  imbedded  in  deltas,  and  some  of  them  drifted  still  fartlii 
by  currents  towards  the  pole. 

Before  we  can  decide  on  this  question  of  transportation,  we  mi 
know  whether  the  fossil  coal-plants  occurring  in  high  latitudes  bei 
the  marks  of  friction  and  of  having  decayed  previously  to  fossilizatio 
Many  appearances  in  aur  English  coal-fields  certainly  prove  that  tl 
plants  were  not  fioated  from  great  distances  ;  for  the  outline  of  tl 
stems  of  succulent  species  preserve  their  sharp  angles,  and  others  hv 
their  surfaces  marked  with  the  most  delicate  lines  and  streaks.  LcN 
leaves,  also,  are  attached  in  many  instances  to  the  trunks  or  branches* 
and  leaves  we  know,  in  general,  are  soon  destroyed  when  steeped  : 
water,  although  ferns  will  retain  their  forms  after  an  immersion 
many  months,  f  It  seems  fair  to  presume,  that  most  of  the  coi 
plants  grew  upon  the  same  land  which  supplied  materials  for  tl 
sandstones  and  conglomerates  of  the  strata  in  which  they  are  imbeddc 
The  coarseness  of  the  particles  of  many  of  these  rocks  attests  that  th 
were  not  borne  from  very  remote  localities,  and  that  there  was  la] 
therefore  in  the  vicinity  wasting  away  by  the  action  of  moving  wate 
The  progress  also  of  modern  discovery  has  led  to  the  very  genei 
admission  of  the  doctrine  that  beds  of  coal  have  for  the  most  part  be 
formed  of  the  remains  of  trees  and  plants  that  grew  on  the  spot  whi 

*  Fossil  Flora,  Na  X.  f  This  has  been  proTc<l  br  Mr.  LI 

loy*8  cxiKrimcnts,  ibid.,  No.  XYIL 
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the  coal  now  exists ;  the  land  having  been  successivelj  submerged,  so 
thatacoyering  of  mad  and  sand  was  deposited  upon  accumulations  of 
Tegetable  matter.  That  such  has  been  the  origin  of  some  coal-seams 
if  proved  bj  the  upright  position  of  fossil  trees,  both  in  Europe  and 
Anericai  in  which  the  roots  terminate  downwards  in  beds  of  coal.* 

To  retom,  therefore,  from  this  digression, — the  flora  of  the  coal 
appears  to  indicate  a  uniform  and  mild  temperature  in  the  air,  while 
the  fossils  of  the  contemporaneous  mountain-limestone,  comprising 
aboodance  of  lamelliferous  corals,  large  chambered  cephalopods,  and 
criiuadeay  naturallj  lead  us  to  infer  a  considerable  warmth  in  the 
waters  of  the  northern  sea  of  the  Carboniferous  period.  So  also  in 
regard  to  strata  older  than  the  coal,  thej  contain  in  high  northern 
latitudes  mountain  masses  of  corals  which  must  have  lived  and  grown 
on  the  spot,  and  large  chambered  univalves,  such  as  Orthocerata  and 
Kaotiliis,  all  seeming  to  indicate,  even  in  regions  bordering  on  the 
tretie  circle,  the  former  prevalence  of  a  temperature  more  elevated 
than  that  now  prevailing. 

The  warmth  and  humidity  of  the  air,  and  the  uniformity  of  climate, 
both  in  the  different  seasons  of  the  year,  and  in  different  latitudes, 
appears  to  have  been  most  remarkable  when  some  of  the  oldest  of  the 
filHiliferoas  strata  were  formed.  The  approximation  to  a  climate 
limilar  to  that  now  enjoyed  in  these  latitudes  does  not  commence  till 
the  era  of  the  formations  termed  tertiary ;  and  while  the  different 
tertiarjl rocks  were  deposited  in  succession,  from  the  eocene  to  the 
pliocene,  the  temperature  seems  to  have  been  lowered,  and  to  have 
eontioQed  to  diminish  even  after  the  appearance  upon  the  earth  of  a 
considerable  number  of  the  existing  species,  the  cold  reaching  its 
Bazimom  of  intensity  in  European  latitudes  during  the  glacial  epoch, 
or  the  epoch  inmiediately  antecedent  to  that  in  which  all  the  species 
now  contemporary  with  man  were  in  being. 

*  Ihsre  treated  of  this  subject  in  my  Homer's  Anniyersary  Address  to  the 

Muul  of  Geology,  and  still  more  fallj  Geological  Society  of  London,  February, 

nnyTniTels  in  K.  America,  yoL  ii.  p.  1846.    Consult  also  SirH.de  la  Beche,  on 

178.   For  a  full  account  of  the  facts  at  the  formation  of  rocks  in  South  Wales, 

pRWDt  known,  and  the  theories  enter-  Memoirs  of  Geol.  Survey  of  Great  Brit« 

tiM  hy  the  most  eminent  geologists  1846,  p.  1.  to  296. 
Ad  botaniflCs  on  this  subject,  see  Mr. 
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FABTHER  EXAMINATION  OF   THE   QUESTION  AS  TO  THE   ASSUMED  IttI 
CORDANCE  OF  THE  ANCIENT   AND  MODERN  CAUSES  OF   CHAKOB. 

On  the  causes  of  vicissitadcs  in  climate — Remarks  on  the  present  diffiision  of  fatf 
oyer  the  globe — On  the  dependence  of  the  mean  temperature  on  the  relath 
position  of  land  and  sea — Isothermal  Lines — Currents  from  equatorial  regiona* 
Drifting  of  icebergs — Different  temperature  of  Northern  and  Southern  hfl« 
spheres — Combination  of  causes  which  might  produce  the  extreme  cold  of  wUi 
the  earth's  surface  is  susceptible — Conditions  necessary  for  the  productioai 
the  extreme  of  heat,  and  its  probable  effects  on  organic  life. 

Causes  of  vicissitudes  in  climate,* — As  the  proofs  enumerated  1 
the  last  chapter  indicate  that  the  earth's  surface  has  experienced  grai 
changes  of  climate  since  the  deposition  of  the  older  sedimentary  stnij 
we  have  next  to  inquire  how  such  vicissitudes  can  be  reconciled  wil 
the  existing  order  of  nature.  The  cosmogonist  has  availed  bimat 
of  this,  as  of  every  obscure  problem  in  geology,  to  confirm  his  viet 
concerning  a  period  when  the  planet  was  in  a  nascent  or  half-formi 
state,  or  when  the  laws  of  the  animate  and  inanimate  world  difieif 
essentially  from  those  now  established;  and  he  has  in  this,  as  i 
many  other  cases,  succeeded  so  far,  as  to  divert  attention  frqp  thi 
class  of  facts  which,  if  fully  understood,  might  probably  lead  to  a 
explanation  of  the  phenomena.  At  first  it  was  imagined  that  tl 
earth's  axis  had  been  for  ages  perpendicular  to  the  plane  of  tl 
ecliptic,  so  that  there  was  a  perpetual  equinox,  and  uniformity  i 
seasons  throughout  the  year;  —  that  the  planet  enjoyed  this  " parad 
siacal'*  state  until  the  era  of  the  great  flood;  but  in  that  catastroph 
whether  by  the  shock  of  a  comet,  or  some  other  convulsion,  it  lo 
its  equal  poise,  and  hence  the  obliquity  of  its  axis,  and  with  that  t) 
varied  seasons  of  the  temperate  zone,  and  the  long  nights  and  days 
the  polar  circles. 

When  the  progress  of  astronomical  science  had  exploded  this  theor 
it  was  assumed,  that  the  earth  at  its  creation  was  in  a  state  of  fiuidit 
and  red  hot,  and  that  ever  since  tliat  era,  it  had  been  cooling  dow 
contracting  its  dimensions,  and  acquiring  a  solid  crust, — an  hyp 
thesis  hardly  less  arbitrary,  yet  more  calculated  for  lasting  popularitr 
because,  by  referring  the  mind  directly  to  the  beginning  of  things, 
requires  no  support  from  observation,  nor  from  any  ulterior  hyp 
thesis.  But  if,  instead  of  forming  vague  conjectures  as  to  what  mig 
have  been  the  state  of  the  planet  at  the  era  of  its  creation,  we  fix  o 

♦  The  theory  proposed  in  this  and  the  to  by  Sir  John  F.  "W.  Ilerschel  in 

following  chapters,  to  account  for  former  Discourse  on  Natural  Philosophy,  pi 

fluctuations  of  climate  at  successive  goo-  lished  in  1830.     In  preceding  works 

logical  periods,  agrees  in  every  essential  gnuUial  diminution  of  the  earth's  cent 

particular,  and  has  indt-ed  been  reprinted  heat  was  almost  tlie  only  cause  assigi 

almost  verbatim  from  that  publislied  by  for  the  acknowledged  diminution  of 

me  twenty  years  ago  in  the  first  edition  superficial  temperature  of  our  planeU 
of  my  Principles,  1830.    It  was  referred 
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thoughts  on  the  connexion  at  present  existing  between  climate  and 
the  distribution  of  land  and  sea ;  and  then  consider  what  influence 
former  ^actuations  in  the  physical  geography  of  the  earth  must  have 
had  on  superficial  temperature,  we  may  perhaps  approximate  to  a 
tnie  theory.  If  doubts  and  obscurities  still  remain,  they  should  be 
ftscrihed  to  our  limited  acquaintance  with  the  laws  of  Nature,  not  to 
reyolotions  in  her  economy;  —  they  should  stimulate  us  to  farther 
research,  not  tempt  us  to  indulge  our  fancies  respecting  the  imaginary 
changes  of  internal  temperature  in  an  embryo  world. 

Diffusion  of  heat  over  the  globe. — In  considering  the  laws  which 
regoUte  the  diffusion  of  heat  over  the  globe,  we  must  be  careful,  as 
Homholdt  well  remarks,  not  to  regard  the  climate  of  Europe  as  a  type 
of  the  temperature  which  all  countries  placed  under  the  same  lati- 
tude enjoy.    The  pliysical  sciences,  observes  this  philosopher,  always 
bear  the  impress  of  the  places  where  they  began  to  be  cultivated ; 
and  as,  in  geology,  an  attempt  was  at  first  made  to  refer  all  the  vol- 
canic phenomena  to  those  of  the  volcanos  in  Italy,  so  in  meteorology, 
a  small  part  of  the  old  world,  the  centre  of  the  primitive  civilization 
of  Earope,  was  for  a  long  time  considered  a  type  to  which  the  climate 
of  all  corresponding  latitudes  might  be  referred.     But  this  region,  con- 
stituting only  one  seventh  of  the  whole  globe,  proved  eventually  to  be 
the  exception  to  the  general  rule.    For  the  same  reason,  we  may  warn 
the  geologist  to  be  on  his  guard,  and  not  hastily  to  assume  that  the 
temperature  of  the  earth  in  the  present  era  is  a  type  of  that  which 
most  usually  obtains,  since  he  contemplates  for  mightier  alterations  in 
the  position  of  land  and  sea,  at  different  epochs,  than  those  which  now 
cause  the  climate  of  Europe  to  differ  from  that  of  other  countries  in 
the  same  parallels. 

It  is  now  well  ascertained  that  zones  of  equal  warmth,  both  in  the 
atmosphere  and  in  the  waters  of  the  ocean,  are  neither  parallel  to  the 
equator  nor  to  each  other.*  It  is  also  known  that  the  mean  annual 
temperature  may  be  the  same  in  two  places  which  enjoy  very  differ- 
ent climates,  for  the  seasons  may  be  nearly  uniform,  or  violently  con- 
trasted, so  that  the  lines  of  equal  winter  temperature  do  not  coincide 
with  those  of  equal  annual  heat  or  isothermal  lines.  The  deviations 
of  all  these  lines  from  the  same  parallel  of  latitude  are  determined  by 
a  multitude  of  circumstances,  among  the  principal  of  which  are  the 
position,  direction,  and  elevation  of  the  continents  and  islands,  the 
position  and  depths  of  the  sea,  and  the  direction  of  currents  and  of 
winds. 

•  Wc  are  indebted  to  Baron  Alex.  Ton  the  Edin.   PhiL   Joom.  vol  ilL  July, 

Humboldt  for  having  first  collected  to-  1820. 

getlMT  the  acattered  data  on  which  he  The  map  of  Isothermal  Lines,  recently 

founded  an    approximation    to  a  true  published  by  Humboldt  and  Dove  (1848), 

theory  of  Uie  distribution  of  heat  over  the  supplies  a  large  body  of  wdl-established 

slobe.    Many  of  these  data  were  derived  data  for  such  investigations,  of  which 

mmi  the  aiitbor*8  own  observations,  and  Mr.  Hopkins  has  most  ably  availed  himself 

many  from   the    works   of   M.   Pierre  in  an  essay  *"  On  the  Causes  which  may 

Prevost,  of  Geneva,  on  the  radiation  of  have  produced  Changes  in  the  Earth's 

hott,    and   from    oUicr   writers. — See  Superficial  Temperature.**  —  Qp  Joum. 

Humboldt  on    isothermal    Lines,    Me-  GeoL  Soc  1852,  p.  56. 
d'Aicoeilt  torn.  iii.  transUted  in 
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On  comparing  the  two  continents  of  Europe  and  Americay  ill 
found  that  places  in  the  same  latitudes  have  sometimes  a  mean  diflj 
ence  of  temperature  amounting  to  11%  or  even  in  a  few  cases  to  j 
Fahr. ;  and  some  places  on  the  two  continents,  which  have  the  tJi 
mean  temperature,  differ  from  7^  to  17^  in  latitude.  Thus,  Camli 
land  House,  in  North  America,  having  the  same  latitude  (54®  N,), 
the  city  of  York  in  England,  stands  on  the  isothermal  line  of  Ij 
which  in  Europe  rises  to  the  North  Cape,  in  lat  71%  but  its  saoup 
heat  exceeds  that  of  Brussels  or  Paris.*  The  principal  caoMi 
greater  intensity  of  cold  in  corresponding  latitudes  of  North  Amei|| 
as  contrasted  with  Europe,  is  the  connexion  of  America  with  j 
polar  circle,  by  a  large  tract  of  land,  some  of  which  is  from  throi 
five  thousand  feet  in  height ;  and,  on  the  other  hand,  the  separatiiMi 
Europe  from  the  arctic  circle  by  an  ocean.  The  ocean  has  a  tendiri 
to  preserve  every  where  a  mean  temperature,  which  it  commuiiiQ|| 
to  the  contiguous  land,  so  that  it  tempers  the  climate,  moderating  ii| 
an  excess  of  heat  or  cold.  The  elevated  land,  or  the  other  htt 
rising  to  the  colder  regions  of  the  atmosphere,  becomes  a  great  ran 
voir  of  ice  and  snow,  arrests,  condenses,  and  congeals  vapour,  i 
communicates  its  cold  to  the  adjoining  country.  For  this  retai 
Greenland,  forming  part  of  a  continent  which  stretches  northwf 
to  the  82d  degree  of  latitude,  experiences  under  the  60th  paralle 
more  rip:orous  climate  than  Lapland  under  the  72d  parallel 

But  if  land  be  situated  between  the  40th  parallel  and  the  equal 
it  produces,  unless  it  be  of  extreme  height,  exactly  the  oppoi 
effect;  for  it  then  warms  the  tracts  of  land  or  sea  that  intern 
between  it  and  the  polar  circle.  For  the  surface  being  in  this  e 
exposed  to  the  vertical,  or  nearly  vertical  rays  of  the  sun,  absorb 
large  quantity  of  heat,  which  it  diffuses  by  radiation  into  the  ati 
sphere.  For  this  reason,  the  western  parts  of  the  old  continent  der 
warmth  from  Africa,  ^^  which,  like  an  immense  furnace,  distributes 
heat  to  Arabia,  to  Turkey  in  Asia,  and  to  Europe."  f  On  the  o 
trary,  the  north-eastern  extremity  of  Asia  experiences  in  the  ai 
latitude  extreme  cold ;  for  it  has  land  on  the  north  between  the  6 
and  70th  parallel,  while  to  the  south  it  is  separated  from  the  equi 
by  the  Pacific  Ocean. 

In  consequence  of  the  more  equal  temperature  of  the  waters  of 
ocean,  the  climate  of  islands  and  of  coasts  differs  essentially  from  t 
of  the  interior  of  continents,  the  more  maritime  climates  being  t 
racterized  by  mild  winters,  and  more  temperate  summers ;  for  the 
breeies  moderate  the  cold  of  winter,  as  well  as  the  heat  of  sumo 
When,  therefore,  we  trace  round  the  globe  those  belts  in  which 
mean  annual  temperature  is  the  same,  we  often  find  great  difference 
climate  ;  for  there  are  insular  climates  in  which  the  seasons  are  nei 
equalized,  and  excessive  climates,  as  they  have  been  termed,  wl 
the  temperature  of  winter  and  summer  is  strongly  contrasted.  * 
whole  of  Europe,  compared  with  the  eastern  parts  of  America 

•  Sir  J.  Richardson's  Appendix  to  Sir        f  Maltc-Brun,  Phya.  GeoL  book ' 
G.  Bach's  Juunial,  1843—1845,  p.  478. 
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Alii,  has  an  insular  climate.  The  northern  part  of  China,  and  the 
AUiDtic  region  of  the  United  States,  exhibit  '^  excessive  climates." 
We  find  at  New  Tork,  says  Humboldt,  the  summer  of  Bome  and  the 
winter  of  Copenhagen ;  at  Quebec,  the  summer  of  Paris  and  the 
winter  of  Petersburg.  At  Pekin,  in  China,  where  the  mean  temper-^ 
ttore  of  the  jear  is  that  of  the  coasts  of  Brittany,  the  scorching  heats 
of  sommer  are  greater  than  at  Cairo,  and  the  winters  as  rigorous  as 
itUpaala.^ 

J,  If  lines  be  drawn  round  the  globe  through  all  those  places  which 
hare  the  same  winter  temperature,  they  are  found  to  deviate  from  the 
terreitrial  parallels  much  farther  than  the  lines  of  equal  mean  annual 
lieat  The  lines  of  equal  winter  in  Europe,  for  example,  are  often 
earred  so  as  to  reach  parallels  of  latitude  9^  or  \QP  distant  from 
eich  other,  whereas  the  isothermal  lines,  or  those  passing  through 
pbces  having  the  same  mean  annual  temperature,  differ  only  from  4^ 
to  5**  in  Europe. 

Inflttence  of  currents  and  drift  ice  on  temperaiure. — Among 

other  influential  causes,  both  of  remarkable  diversity  in  the  mean 

•nnosl  heat,  and  of  unequal  division  of  heat  in  the  different  seasons, 

ire  the  direction  of  currents  and  the  accumulation  and  drifting  of  ice 

in  high  latitudes.     The  temperature  of  the  Lagullas  current  is  10°  or 

12^  Fahr.  above  that  of  the  sea  at  the  Cape  of  Grood  Hope ;  for  it 

derives  the  greater  part  of  its  waters  from  the  Mozambique  channel, 

tod  south-east  o»ast  of  Africa,  and  from  regions  in  the  Indian  Ocean 

feoch  nearer  the  line,  and  much  hotter  than  the  Cape.'f    An  opposite 

effect  is  produced  by  the  ^'equatorial"  current,  which  crosses  the 

Atlantic  from  Africa  to  Brazil,  having  a  breadth  varying  from  160  to 

4^  nautical  miles.     Its  waters  are  cooler  by  3°  or  4°  Fahr.  than  those 

of  the  ocean  under  the  line,  so  that  it  moderates  the  heat  of  the 

tropics.]: 

But  the  effects  of  the  Gulf  stream  on  the  climate  of  the  North 
Atlantic  Ocean  are  far  more  remarkable.  This  most  powerful  of 
known  currents  has  its  source  in  the  Gulf  or  Sea  of  Mexico,  which, 
fike  the  Mediterranean  and  other  close  seas  in  temperate  or  low  lati- 
tudes, is  warmer  than  the  open  ocean  in  the  same  parallels.  The 
temperature  of  the  Mexican  sea  in  summer  is,  according  to  Rennell, 
86^  Fahr.,  or  at  least  7°  above  that  of  the  Atlantic  in  the  same  lati- 
tnde.§  From  this  great  reservoir  or  caldron  of  warm  water,  a  constant 
current  pours  forth  through  the  straits  of  Bahama  at  the  rate  of  3  or 
4  miles  an  hour ;  it  crosses  the  ocean  in  a  north-easterly  direction, 
skirting  the  great  bank  of  Newfoundland,  where  it  still  retains  a 
temperature  of  8^  above  that  of  the  surrounding  sea.  It  reaches  the 
Azores  in  about  78  days,  after  flowing  nearly  3000  geographical  miles, 
and  from  thence  it  sometimes  extends  its  course  a  thousand  miles 
farther,  so  as  to  reach  the  Bay  of  Biscay,  still  retaining  an  excess  of 
6^  above  the  mean  temperature  of  that  sea.     As  it  has  been  known 

*  On  Xsothamal  Lines,  &c.  f  Ibid.  p.  153. 

t  Bamdl  on  Cuirenta,  p.  96.  London,        §  Ibid.  p.  25. 

isas. 
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to  arrive  there  in  the  months  of  November  and  January,  it  may 
greatly  to  moderate  the  cold  of  winter  in  countries  on  the  warfl 
Europe.  ^ 

There  is  a  large  tract  in  the  centre  of  the  North  Atlantic,  betmi 
the  parallels  of  33°  and  45°  N.  lat.  which  Rennell  calls  the  "  recipil 
of  the  gulf  water."  A  great  part  of  it  is  covered  by  the  weed  cal 
sargasso  ( Sargassum  bacci/erum\  which  the  current  floats  in  abtt 
dance  from  the  Gulf  of  Mexico.  This  mass  of  water  is  nearly  st^ 
nant,  is  warmer  by  7°  or  id®^  than  the  waters  of  the  Atlantic,  m 
may  be  compared  to  the  fresh  water  of  a  river  overflowing  the  hesfl 
salt  water  of  the  sea.  Rennell  estimates  the  area  of  the  *^  recipiofll 
together  with  that  covered  by  the  main  current,  as  being  2000  ml 
in  length  from  E.  to  W.,  and  350  in  breadth  from  N.  to  S.,  which,  I 
remarks,  is  a  larger  area  than  that  of  the  Mediterranean.  The  hfl 
of  this  great  body  of  water  is  kept  up  by  the  incessant  and  quick  i 
rivals  of  fresh  supplies  of  warm  water  from  the  south  ;  and  there  a 
be  no  doubt  that  the  general  climate  of  parts  of  Europe  and  Am«| 
is  materially  aflected  by  this  cause. 

It  is  considered  probable  by  Scoreaby  that  the  influence  of  the  Qi 
stream  extends  even  to  the  sea  near  Spitzbergen,  where  its  waters  n 
pass  under  those  of  melted  ice  ;  for  it  has  been  found  that  in  t 
neighbourhood  of  Spitzbergen,  the  water  is  warmer  by  6°  or  7°  at  f 
depth  of  one  hundred  and  two  hundred  fathoms  than  at  the  surfft 
This  might  arise  from  the  known  law  that  fresh  watevpasses  the  poi 
of  greatest  density  when  cooled  down  below  40°,  and  between  tl 
and  the  freezing  point  expands  again.  The  water  of  melted  ice  mi| 
be  lighter,  both  as  being  fresh  (having  lost  its  salt  in  the  decompoci 
process  of  freezing),  and  because  its  temperature  is  nearer  the  fre 
ing  point  than  the  inferior  water  of  the  Gulf  stream. 

The  great  glaciers  generated  in  the  valleys  of  Spitzbergen,  in  t 
79°  of  north  latitude,  are  almost  all  cut  off*  at  the  beach,  being  mel' 
by  the  feeble  remnant  of  heat  still  retained  by  the  Gulf  stream. 
Baffin's  Bay,  on  the  contrary,  on  the  west  coast  of  Old  Greenla 
where  the  temperature  of  the  sea  is  not  mitigated  by  the  same  cao 
and  where  there  is  no  warmer  under-current,  the  glaciers  stretch  i 
from  the  shore,  and  furnish  repeated  crops  of  mountainous  massef 
ice  which  float  otr  into  the  ocean.*  The  number  and  dimension! 
these  bergs  is  prodigious.  Capt.  Sir  John  Ross  saw  several  of  tli 
together  in  Baffin's  Bay  aground  in  water  fifteen  hundred  feet  d© 
Many  of  them  are  driven  down  into  Hudson's  Bay  and  accumulat 
there,  diff*use  excessive  cold  over  the  neighbouring  continent ;  so  t 
Captain  Franklin  reports,  that  at  the  mouth  of  Hayes'  River,  wh 
lies  in  the  same  latitude  as  the  north  of  Prussia  or  the  south 
Scotland,  ice  is  found  every  where  in  digging  wells,  in  summer 
the  depth  of  four  fevtl  Other  ber^rs  have  been  occasionally  ; 
with,  at  midsummer,  in  a  state  of  rapid  thaw,  as  far  south  as  lat. 

*  S<'()resl»v*8  AR'tio   llo;:ion.s   vol.  i.     Glaciers  of  Sjntzborgen^&c     Edin, 
p.  208. — l>r.  Luttus  Obscrvuiioiw  ou  the     ThiL  Jouni.  vol.  iii.  p.  y?. 
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lad  longitude  about  60^  West,  where  they  cool  the  water  sensibly  to 
the  distance  of  forty  or  fifty  miles  around,  the  thermometer  sinking 
sometimes'  17°,  or  even  18°,  Fahrenheit,  in  their  neighbourhood.* 
It  is  a  well-known  fact  that  every  four  or  five  years  a  large  number 
of  icebergs,  floating  from  Greenland,  double  Cape  Langaness,  and  are 
stranded  on  the  west  coast  of  Iceland.  The  inhabitants  are  then 
aware  that  their  crops  of  hay  will  fail,  in  consequence  of  fogS  which 
ire  generated  almost  incessantly;  and  the  dearth -of  food  is  not  con- 
fined to  the  land,  for  the  temperature  of  the  water  is  so  changed  that 
the  fish  entirely  desert  the  coast. 

~  Difference  of  climate  of  the  Northern  and  Southern  hemispheres. 
—When  we  compare  the  climate  of  the  northern  and  southern  hemi- 
spheres, we  obtain  still  more  instruction  in  regard  to  the  influence  of 
the  distribution  of  land  and  sea  on  climate.  The  dry  land  in  the  y 
soQthem  hemisphere  is  to  that  of  the  northern  in  the  ratio  only  of 
one  to  three,  excluding  from  our  consideration  that  part  which  lies 
between  the  pole  and  the  78°  of  south  latitude,  which  has  hitherto 
proved  inaccessible.  And  whereas  in  the  northern  hemisphere,  be- 
tween the  pole  and  the  thirtieth  parallel  of  north  latitude,  the  land  and 
tea  occupy  nearly  equal  areas,  the  ocean  in  the  southern  hemisphere 
eorers  no  less  than  fifteen  parts  in  sixteen  of  the  entire  space  included 
between  the  antarctic  circle  and  the  thirtieth  parallel  of  south 
latitude. 

This  great  extent  of  sea  gives  a  particular  character  to  climates 
sooth  of  the  equator,  the  winters  being  mild  and  the  summers  cool. 
Thus,  in  Van  Diemen's  Land,  corresponding  nearly  in  latitude  to 
Bome,  the  winters  are  more  mild  than  at  Naples,  and  the  summers 
iiot  warmer  than  those  at  Paris,  which  is  7°  farther  from  the  equator.f 
The  effects  on  animal  and  vegetable  life  are  remarkable.     Capt.  King 
observed  large  shrubs  of  Fuchsia  and  Veronica,  which  in  England  are 
treated  as  tender  plants,  thriving  fuid  in  full  flower  in  Tierra  del 
Foego  with  the  temperature  at  36^     He  states  also  that  humming 
birds  were  seen  sipping  the  sweets  of  the  flowers  **  after  two  or  three 
days  of  constant  rain,  snow,  and  sleet,  during  which  time  the  thermo- 
meter had  been  at  the  freezing  point."     Mr.  Darwin  also  saw  parrots 
feeding  on  the  seeds  of  a  tree  called  the  winter's  bark,  south  of  lat. 
5o^  near  Cape  Hom.:( 

So  the  orchideous  plants  which  are  parasitical  on  trees,  and  are 
generally  characteristic  of  the  tropics,  advance  to  the  38th  and  42nd 
d^ree  of  S«  lat.,  and  even  beyond  the  45th  degree  in  New  Zealand, 
where  they  were  found  by  Forster.  In  South  America  also  arbo- 
resoent  grasses  abound  in  the  dense  forests  of  Chiloe,  in  lat.  42°  S., 
where  "  they  entwine  the  trees  into  one  entangled  mass  to  the  height 
of  thirty  or  forty  feet  above  the  ground.  Palm  trees  in  the  same 
quarter  of  the  globe  grow  in  }&t  37%  an  arborescent  grass  very 


*  Rennell  on  Cmrents,  p.  95.  f  Joum.  of  Trayela  in  S    Americi^ 

f  Humboldt  on  laocfaonnal  Linea.  &c  p.  272. 
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like  a  bamboo  in  40%  and  another  closely  allied  kind,  of  great 
but  not  erect,  even  as  far  south  as  45°."  ♦ 
^     It  has  long  been  supposed  that  the  general  temperature  of 
southern  hemisphere  was  considerably  lower  than  that  of  the 
ern,  and  that  the  difference  amounted  to  at  least  10°  Fahrenll 
Baron  Humboldt^  after  collecting  and  comparing  a  great  nambfl 
observations,  came  to  the  conclusion  that  even  a  much  larger  diffenf 
existed,  but  that  none  was  to  be  observed  within  the  tropics,  i 
only  a  small  difference  as  far  as  the  thirty-fifth  and  fortieth  pan| 
Captain  Cook  was  of  opinion  that  the  ice  of  the  antarctic  predoi 
nated  greatly  over  that  of  the  arctic  region,  that  encircling  the  sori 
ern  pole  coming  nearer  to  the  equator  by  10°  than  the  ice  arai 
the  north  pole«     All  the  recent  voyages  of  discovery  have  teni 
to  confirm  this  opinion,  although  Capt.  Weddel  penetrated,  in  18 
three  degrees  farther  south  than  Capt.  Cook,  reaching  lat.  74*  \ 
South,  long.  34°  17'  West,  and  Sir  James  Ross,  in  1842,  arri?ed 
lat.  78°  10'  S.,  as  high  a  latitude,  within  three  degrees,  as  the  farti 
point  attained  by  Captain  Parry  in  the  arctic  circle,  or  lat.  81* 
North. 

The  description  given  by  ancient  as  well  as  modem  navigaton 
the  sea  and  land  in    high   southern   latitudes,   clearly   attests  i 
greater  severity  of  the  climate  as  compared  to  arctic  regions. 
Sandwich  Land,  in  lat.  59°  S.,  or  in  nearly  the  same  parallel  as 
north  of  Scotland,  Capt.  Cook  found  the  whole  country,  from 
summits  of  the  mountains  down  to  the  very  brink  of  the  sea-cli 
**  covered  many  fathoms  thick  with  everlasting  snow,**  and  this 
the  1st  of  February,  the  hottest  time  of  the  year ;  and  what  is  I 
more  astonishing,  in  the  island  of  S.  Georgia,  which  is  in  the  54°  soi 
latitude,  or  the  same  parallel  as  Yorkshire,  the  line  of  perpetual  ss 
descends  to  the  level  of  the  ocean.t     When  we  consider  this  fact,  i 
then  recollect  that  the  highest  mountains  in  Scotland,  which  asc< 
to  an  elevation  of  nearly  5000  feet,  and  are  four  degrees  farther 
the  north,  do  not  attain  the  limit  of  perpetual  snow  on  our  sidi 
the  equator,  we  learn  that  latitude   is  one  only  of  many  powei 
causes,  which  determine  the  climate  of  particular  regions  of  the  glc 
Capt.  Sir  James  Ross,  in  his  exploring  expedition  in  1841-3,  foi 
that  the  temperature  south  of  the  60th  degree  of  latitude  seldom  i 
above  32°  Fahr.     During  the  two  summer  months  of  the  year  11 
(January  and  February)  the  range  of  the  thermometer  was  betw 
11°  and  32°  Fahr.;  and  scarcely  once  rose  above  the  freezing  point  1 
permanence  of  snow  in  the  southern  hemisphere,  is  in  this  insta 
partly  due  to  the  floating  ice,  which  chills  the  atmosphere  and  c 
denses  the  vapour,  so  that  in  summer  the  sun  cannot  pierce  throi 

*  Danvm's  Travels   in   S.   America,  for  the  descent  of  the  snow- line  to  Um 

p.  271.  level    Quart.  Jouni.  GeoL  Soc  p. 

t  Mr.   Hopkins    raises    the   question  1852.     The  great  navigator  is  gena 

whether,  in  South  Georgia,  the  dcsteiit  ver>'  accurate,  anil  there  seem  to  hi 

of  glaciers  to  ihe  margin  of  the  sea  might  observations  of  more  recent  date  « 

not  have  been  mistaken  by  Capt.  Cook  to  confirm  or  invalidate  his  statcmei 
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tlie  foggy  air.  But  besides  the  abundance  of  ice  which  covers  the 
sea  to  the  south  of  Georgia  and  Sandwich  Land,  we  may  also,  as 
Humboldt  suggests,  ascribe  the  cold  of  those  countries  in  part  to  the 
absence  of  land  between  them  and  the  tropics. 

If  Africa  and  New  Holland  extended  farther  to  the  south,  a  dimi- 
notion  of  ice  would  take  place  in  consequence  of  the  radiation  of  heat 
&om  these  continents  during  summer,  which  would  warm  the  conti- 
guous sea  and  rarefy  the  air.  The  heated  aerial  currents  would  then 
iscend  and  i9ow  more  rapidly  towards  the  south  pole,  and  moderate 
the  winter.  In  confirmation  of  these  views,  it  is  stated  that  the  ice, 
which  extends  as  far  as  the  68°  and  71°  of  south  latitude,  advances 
more  towards  the  equator  whenever  it  meets  an  open  sea ;  that  is, 
where  the  extremities  of  the  present  continents  are  not  opposite  to  it ; 
ind  this  circumstance  seems  explicable  only  on  the  principle  above 
alloded  to,  of  the  radiation  of  heat  from  the  lands  so  situated. 

The  cold  of  the  antarctic  regions  was  conjectured  by  Cook  to  be 
^e  to  the  existence  of  a  large  tract  of  land  between  the  seventieth 
degree  of  south  latitude  and  the  pole.  The  justness  of  these  and  other 
speculations  of  that  great  navigator  have  since  been  singularly  con- 
firmed by  the  investigation  made  by  Sir  James  Ross  in  1841.  He 
found  Victoria  Land,  extending  from  7 r  to  79°  S.  latitude,  skirted 
hy  a  great  barrier  of  ice,  the  height  of  the  land  ranging  from  4000  to 
14,000  feet,  the  whole  entirely  covered  with  snow,  except  a  narrow 
ring  of  black  earth  surrounding  the  huge  crater  of  the  active  volcano 
of  Mount  Erebus,  rising  12,400  feet  above  the  level  of  the  sea.  The 
poeition  of  a  mountainous  territory  of  such  altitude,  so  near  the  pole, 
tnd  so  obvious  a  source  of  intense  cold,  fully  explains  why  Graham's 
and  Enderby's  Land,  discovered  by  Captain  Biscoe  in  1831-2  (between 
lat.  64°  68°  S.),  presented  a  most  wintry  aspect,  covered  even  in 
numner  with  ice  and  snow,  and  nearly  destitute  of  animal  life.  Li 
corresponding  latitudes  of  the  northern  hemisphere  we  not  only  meet 
with  herds  of  wild  herbivorous  animals,  but  with  land  which  man 
himself  inhabits,  and  where  he  has  even  built  ports  and  inland 
tillages.* 

The  distance  to  which  icebergs  float  from  the  polar  regions  on  the 
opposite  sides  of  the  line  is,  as  might  have  been  anticipated,  very 
Afferent  Their  extreme  limit  in  the  northern  hemisphere  is  lat. 
^,  as  before  mentioned,  and  they  are  occasionally  seen  in  lat  42° 
^•)  Dear  the  termination  of  the  great  bank  of  Newfoundland,  and  at 
the  Azores,  lat.  42°  N.,  to  which  they  are  sometimes  drifted  from 
^^'s  Bay.  But  in  the  other  hemisphere  they  have  been  seen, 
^thin  the  last  few  years,  at  different  points  off  the  Cape  of  Good 
Hope,  between  lat.  36°  and  39°.t     One  of  these  (see  &g.  2.)  was 

•  After  an  these  modem  discoveries,  antarctic  region,  as  calculated  for  me  by 

the  area  still  unexplored,   within   the  Mr.  Gardner,  in   1840,  equalled  about 

Btirctic  circle,  is  more  than  double  the  7,620,000  square  miles, 

iwt  of  Europe.     The  surface  of  the  f  On  icebergs  in  low  latitudes,  br 

itter  eontains  thoat  2,793,000  square  Capt  Horsburgh,  by  whom  the  sketch 

yynphyil  mi^ML     The   unexplored  was  made.    Fhii  Trans.  ISSO. 

■  a 
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two  miles  in  circumrerence,  and  150  feet  bigb,  appearing  UkftJ 

when  the  sun  was  obscured,  and  having  the  lustre  of  refinedj 
when  the  sun  was  shining  on  it.  Others  rose  from  250  to  3(^ 
above  the  level  of  the  sea,  and  were  therefore  of  great  volaitwi| 

■^  since  it  is  ascertained,  hy  experiments  on  the  buoyancy  of  ice  fl|| 
in  sea  water,  that  for  every  cuhic  foot  seea  above,  there  Of 
least  be  eight  cubic  feet  below  water."  If  ice  islands  from  tbajl 
polar  regions  floated  as  far,  they  might  reach  Cape  St.  Yiacc^ 
there,  being  drawn  by  the  current  that  always  sets  in  frM 
Atlantic  through  the  Straits  of  Gibraltar,  be  drifted  into  thai 
terranean,  so  that  the  serene  sky  of  that  delightful  region  migh 
be  deformed  by  clouds  and  mists. 

Before  the  amount  of  difference  between  the  temperature  i 
two  hemispheres  was  ascertained,  it  was  referred  by  many  Ml 
mers  to  the  precession  of  the  equinoxes,  or  the  acceleration  C 
earth's  motion  in  its  perihelium  ;  iti  consequence  of  which  tho  i 
and  summer  of  the  southern  hemisphere  are  now  shorter,  by  i 
eight  days,  than  those  seasons  north  of  the  e<tuator.  But  J 
Herschel  reminds  us  that  the  excess  of  eight  days  in  the  dm 
of  the  sun's  presence  in  the  northern  hemisphere  is  not  product 
an  excess  of  annual  light  and  heat;  since,  according  to  the  fa 
elliptic  motion,  it  is  demonstrable  that  whatever  be  the  ell^ 
of  the  earth's  orbit,  the  two  hemispheres  must  receive  equal  oA 
funnfiViM  of  light  and  heat  per  annum,  the  proximity  of  the  I 
perigree   exactly   compensating  the   eflecl   of  its    swifter   mt 

.■  Ilnmboldl,  however,  observes,  that  there  must  be  a  greater  1 
heat  by  radiation  in  the  souibern  hemisphere  during  a  winter  1 
by  eight  days  than  that  on  the  otlier  side  of  the  equator.^ 
Perhaps  no  very  sensible  effect  may  be  produced  by  tUia  aoi 
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nrbanoe ;  jet  the  geologist  should  bear  in  mind  that  to  a  certain 
mi  it  operates  alternately  on  each  of  the  two  hemispheres  for  a 
od  of  upwards  of  10,000  years,  dividing  unequally  the  times 
ng  which  the  annual  supply  of  solar  light  and  heat  is  received. 
B  cause  may  sometimes  tend  to  counterbalance  inequalities  of 
perature  resulting  from  other  far  more  influential  circumstances; 

on  the  other  hand,  it  must  sometimes  tend  to  increase  the  ex- 
le  of  deviation  arising  from  particular  combinations  of  causes, 
at  whatever  may  be  at  present  the  inferiority  of  heat  in  the 
)erate  and  frigid  zones  south  of  the  line,  it  is  quite  evident  that 
cold  would  be  far  more  intense  if  there  happened,  instead  of  open 
to  be  tracts  of  elevated  land  between  the  55th  and  70th  parallel ; 

on  the  other  hand,  the  cold  would  be  moderated  if  there  were 
!  land  between  the  line  and  the  forty-fifth  degree  of  south 
ide. 

\ange$  in  the  position  of  land  and  sea  may  give  rise  to  vicis- 
!e$  in  climate.  —  Having  offered  these  brief  remarks  on  the 
sion  of  heat  ever  the  globe  in  the  present  state  of  the  surface,  I 

DOW  proceed  to  speculate  on  the  vicissitudes  of  climate^  which 
;  attend  those  endless  variations  in  the  geographical  features  of 
>lanet  which  are  contemplated  in  geology.  That  our  speculations 
be  confined  within  the  strict  limits  of  analogy,  I  shall  assume, 
That  the  proportion  of  dry  land  to  sea  continues  always  the 
.  2dly,  That  the  volume  of  the  land  rising  above  the  level  of 
ea  is  a  constant  quantity ;  and  not  only  that  its  mean,  but  that 
Ltreme  height,  is  liable  only  to  trifiing  variations.     3dly,  That 

the  mean  and  extreme  depth  of  the  sea  are  invariable;  and 
',  It  may  be  consistent  with  due  caution  to  assume  that  the 
[>ing  together  of  the  land  in  continents  is  a  necessary  part  of  the 
>my  of  nature ;  for  it  is  possible  that  the  laws  which  govern  the 
xranean  forces,  and  which  act  simultaneously  along  certain  lines, 
>t  but  produce,  at  every  epoch,  continuous  mountain-chains; 
lat  the  subdivision  of  the  whole  land  into  innumerable  islands 
be  precluded. 

it  be  objected,  that  the  maximum  of  elevation  of  land  and  depth 
a  are  probably  not  constant,  nor  the  gathering  together  of  all 
ind  in  certain  parts,  nor  even  perhaps  the  relative  extent  of  land 
irater,  I  reply,  that  the  arguments  about  to  be  adduced  will  be 
gthened  if,  in  these  peculiarities  of  the  surface,  there  be  con- 
able  deviations  from  the  present  ^pe.  If,  for  example,  all  other 
mstances  being  the  same,  the  land  is  at  one  time  more  divided 
islands  than  at  another,  a  greater  uniformity  of  climate  might 
reduced,  the  mean  temperature  remaining  unaltered;  or  if,  at 
\eT  era,  there  were  mountains  higher  than  the  Himalaya,  these, 
i  placed  in  high  latitudes,  would  cause  a  greater  excess  of  cold. 
r  we  suppose  that  at  certain  periods  no  chain  of  hilb  in  the 
I  rose  beyond  the  height  of  10,000  feet,  a  greater  heat  might 
have  prevailed  than  is  compatible  with  the  existence  of  moun- 
thrioe  that  elevation. 

H  3 
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However  constant  maj  be  the  relative  proportion  of  sea  and  bl 
we  know  that  there  is  annually  some  small  variation  in  their  reap 
tive  geographical  positions,  and  that  in  everj  century  the  land  it 
some  parts  raised,  and  in  others  depressed  in  level,  and  so  likev 
is  the  bed  of  the  sea.     By  these  and  other  ceaseless  changes,  the  d 
figuration  of  the  earth's  surface  has  been  remodelled  again  and  agi 
since  it  was  the  habitation  of  organic  beings,  and  the  bed  of  the  oei 
has  been  lifted  up  to  the  height  of  some  of  the  loftiest  mountal 
The  imagination  is  apt  to  take  alarm  when  called  upon  to  admit ' 
formation  of  such  irregularities  in  the  crust  of  the  earth,  after  it  1 
once  become  the  habitation  of  living  creatures ;  but,  if  time  be 
lowed,  the  operation  need  not  subvert  the  ordinary  repose  of  nata 
and  the  result  is  in  a  general  view  insignificant,  if  we  consider  1 
slightly  the  highest  mountain-chains  cause  our  globe  to  differ  froi 
perfect  sphere.     Chimborazo,  though  it  rises  to  more  than  21^ 
feet  above  the  sea,  would  be  represented,  on  a  globe  of  about  six  1 
in  diameter,  by  a  grain  of  sand  less  than  one-twentieth  of  an  ind 
thickness. 
y     The  superficial  inequalities  of  the  earth,  then,  may  be  dea 
minute  in  quantity,  and  their  distribution  at  any  particular  ep 
must  be  regarded  in  geology  as  temporary  peculiarities,  like 
height  and  outline  of  the  cone  of  Vesuvius  in  the  interval  beti 
two  eruptions.     But  although,  in  reference  to  the  magnitude  of 
globe,  the  unevenness  of  the  surface  is  so  unimportant,  it  is  on 
position  and  direction  of  these  small  inequalities  that  the  state  of 
atmosphere,   and  both  the  local   and  general  climate,  are  ma 
dependent. 

Before  considering  the  effect  which  a  material  change  in  the 
tribution  of  land  and  sea  must  occasion,  it  may  be  well  to  rem 
how  greatly  organic  life  may  be  affected  by  those  minor  variati 
which  need  not  in  the  least  degree  alter  the  general  temperal 
Thus,  for  example,  if  we  suppose,  by  a  series  of  convulsions,  acei 
part  of  Greenland  to  become  sea,  and,  in  compensation,  a  tra 
land   to  rise  and  connect  Spitzbergen  with  Lapland, — an  acces 
not  greater  in  amount  than  one  which  the  geologist  can  prov 
have  occurred  in  certain  districts  bordering  the  Mediterranean,  wi 
a  comparatively  modern  period, — this  altered  form  of  the  land  n 
cause  an  interchange  between  the  climate  of  certain  parts  of  15 
America  and  of  Europe,  wliich  lie  in  corresponding  latitudes.     B 
European  species  of  plants  and  animals  would  probably  peria 
consequence,  because  the  mean  temperature  w^ould  be  greatly 
ered ;  and  others  would  fail  in  America,  because  it  would  ther 
raised.     On  the  other  hand,  in  places  where  the  mean  annual 
remained  unaltered,   some  species  which  flourish  in  Europe,  in 
the  seasons  are  more  uniform,  would  be  unable  to  resist  the  gr 
heat  of  the  North   American  summer,  or  the  intenser  cold  ol 
winter ;  while  others,  now  fitted  by  their  habits  for  the  great  cor 
of  the  American  seasons,  would  not  be  fitted  for  the  insuiar  cli 
of  Europe.     The  vine,  for  example,  according  to  Humboldt,  o 
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coltiTated  with  advantage  10°  farther  north  in  Europe  than  in  North 
America.  Many  plants  endure  severe  frost,  but  cannot  ripen  their 
seeds  without  a  certain  intensity  of  summer  heat  and  a  certain 
qaantity  of  light ;  others  cannot  endure  a  similar  intensity  either  of 
heat  or  cold. 

It  is  now  established  that  many  of  the  existing  species  of  animals 
bare  survived  great  changes  in  the  physical  geography  of  the  globe. 
If  rach  species  be  termed  modern,  in  comparison  to  races  which  pre- 
ceded them,  their  remains,  nevertheless,  enter  into  submarine  deposits 
mtnj  hundred  miles  in  length,  and  which  have  since  been  raised 
from  the  deep  to  no  inconsiderable  altitude.  When,  therefore,  it  is 
shown  that  changes  in  the  temperature  of  the  atmosphere  may  be  the 
eonsequence  of  such  physical  revolutions  of  the  surface,  we  ought  no 
longer  to  wonder  that  we  find  the  distribution  of  existing  species  to 
be  loealf  in  regard  to  longitude  as  well  as  latitude.  If  all  species 
were  now,  by  an  exertion  of  creative  power,  to  be  diffused  uniformly 
throoghout  those  zones  where  there  is  an  equal  degree  of  heat,  and 
in  all  respects  a  similarity  of  climate,  they  would  begin  from  this 
nioment  to  depart  more  and  more  from  their  original  distribution. 
Aqaatic  and  terrestrial  species  would  be  displaced,  as  Hooke  long  ago 
observed,  so  often  as  land  and  water  exchanged  places ;  and  there 
woold  also,  by  the  formation  of  new  mountains  and  other  changes,  be 
tnuDspoeitions  of  climate,  contributing,  in  the  manner  before  'alluded 
to,  to  the  local  extermination  of  species.* 

If  we  now  proceed  to  consider  the  circumstances  required  for  a 
general  change  of  temperature,  it  will  appear,  from  the  facts  and 
principles  already  laid  down,  that  whenever  a  greater  extent  of  high  / 
land  is  collected  in  the  polar  regions,  the  cold  will  augment;  and 
the  same  result  will  be  produced  when  there  is  more  sea  between  or 
letr  the  tropics ;  while,  on  the  contrary,  so  often  as  the  above  condi- 
loiis  are  reversed,  the  heat  will  be  greater.  (See  figs.  6.  and  6.  p.  1 1 1.) 
[f  this  be  admitted,  it  will  follow,  that  unless  the  superficial  inequali-  . 
ies  of  the  earth  be  fixed  and  permanent,  there  must  be  never-ending 
(actuations  in  the  mean  temperature  of  every  zone;  and  that  the 
Umate  of  one  era  can  no  more  be  a  type  of  every  other,  than  is  one 
f  our  four  seasons  of  all  the  rest. 

It  has  been  well  said,  that  the  earth  is  covered  by  an  ocean,  in  the 
didst  of  which  are  two  great  islands,  and  many  smaller  ones ;  for  the 
rhole  of  the  continents  and  islands  occupy  an  area  scarcely  exceeding 
De-fourth  of  the  whole  superficies  of  the  spheroid.  Now,  according 
0  this  analogy,  we  may  fairly  speculate  on  the  probability  that  there 
roold  not  be  usually,  at  any  given  epoch  of  the  past,  more  than  about 
De-fourth  dry  land  in  a  particular  region ;  as,  for  example,  near  the 
oleti  or  between  them  and  the  75th  parallels  of  N.  and  S.  latitude. 
^  therefore,  at  present  thei:e  should  happen  to  be,  in  both  these 
Darters  of  the  globe,  much  more  than  this  average  proportion  of  land, 

*  A  fan  coQtideration  of  the  effect  of    distribution  and  extinctioa  of  species  is 
mges  m  phyncai  geography  on  the    giren  in  book  iii. 
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Bome  of  it  in  the  arctic  region  being  above  five  thousand  feet  in  hei|p 
and  if  in  antarctic  latitudes  a  mountainous  country  has  been  (am 
varying  from  4000  to  14,000  feet  in  height,  this  alone  affords  groM 
for  concluding  that,  in  the  present  state  of  things,  the  mean  heiA. 
the  climate  is  below  that  which  the  earth's  surface,   in  its  mi 
ordinary  state,  would  enjoy.     This  presumption  is  heightened  wl 
we  reflect   on  the  results  of  the  recent  soundings  made   by  I 
James  Ross,  in  the  Southern  Ocean,  and  continued  for  four  succeM 
years,  ending  1844,  which  seem  to  prove  that  the  mean  depth  of  f 
Atlantic  and  Pacific  is  as  great  as  Laplace  and  other  eminent  astroi 
mers  had  imagined*  ;  for  tlien  we  might  look  not  only  for  more  tl 
two-t)iirds  sea  in  the  frigid  zones,  but  for  water  of  great  depth,  wb 
could  not  readily  be  reduced  to  the  freezing  point.    The  same  opio 
is  confirmed,  when  we  compare  the  quantity  of  land  lying  betwt 
the  poles  and  the  30th  parallels  of  north  and  south  latitude,  with 
quantity  placed  between  those  parallels  and  the  equator ;  for,  i 
clear,  that  we  have  at  present  not  only  more  than  the  usual  dcf 
of  cold  in  the  polar  regions,  but  also  less  than  the  average  quas 
of  heat  within  the  tropics. 

Position  of  land  and  sea  which  might  prodttce  the  extreme  ofi 
of  which  the  eartKs  surface  is  susceptible, — To  simplify  our  viei 
the  various  changes  in  climate,  which  different  combinationfl 
goojrraphical  ciVcunistances  may  produce,  we  shall  first  consider 
conditions  necessary  for  bringing  about  the  extreme  of  cold,  or  n 
would  have  been  termed  in  the  language  of  the  old  writers  the  wii 
of  the  "  great  year,**  or  geological  cycle,  and  afterwards,  the  condit 

*  For  calculations  founded  on  astro-  ILre  thcnfi^rc  in  mid-ocean  the  ( 

nomical  data,  sec  Younjj's  Nat.   Phil.,  exroi'diMl    27,600    fei»t.      C)no    of 

Lect.  xlvii. ;  Mrs.  S«  jnicrviile's  Conuex.  sliallowest   sonndinjj?  crer  obtaine 

of  Pliys.  S-i.,  sect.  14.  p.  110.     I^aplaco,  the  open  si.'a  durinj;  the   same  su 

cndeavouriii;^  to  estimate  the  prohahlo  struck   ]>ottom   with   2677   fathom 

dejith  of  the  sea  fnim  some  of  tlie  phe-  16,()62  feet,  latitmle  33^  21'  S.,  long 

nomcua  of  the  tides,  says  of  the  ocean  9^  4'  K.     The  surveyors  arrive*!  a 

generally,  "(pie  sa  jirotondeur  moyeniie  eonelusion,  that  at  a  mtHlerate  di» 

est  dumenieordre<pielu  hauteur moyeime  from  the  slu»re,  the  depth  of  the 

descontinenset  des  isles  au-<lessus  do  son  o<'ean  always  exceeds  4000  feet, 
niveau,  hauteur  (pii  ne  8ur|)asse  p:LS  mille        During  the  American  sur%*ey  in 

metres  (;V2vSU  tt.)."     Mee.  Celeste,  tnm.  a  much  greater  depth,  or  57o0  fal 

xi.   et    8yst.  du    Monde,   p.  254.     The  (.34,200  feet),  was  sounded  in  the  At 

cxpnssion  **du  meme  ordre "  admits  in  by  Lieut.  Walsh,  without  rcachin 

mathematical  language  of  consi<leral)le  lM)ttom,  in  lat.  31°  59'  N.,  long.  5i 

latitinlc  of  signitieaiion,  and  d<»es  not  W.,  ur  between  the  Bermudas  an 

mean  that  the  d^jjth  of  the  w-dUr  IkIow  Azores.     But  the  deei>est  soundin]: 

the  levi'l  of  the  sea  corresiM)nds  exactly  published  were  taken  Oct.  30.  18f 

to  the  height  t^'  the  land  above  it.  Ca]>t.    Henry  M.  Denham,    R  N., 

It  appeared  from  the  (jliservalions  of  reached  Kittom  at  7706  fathoms  {A 

Sir  Jaincs  Uoss,  comnmnieated  to  me  in  feet),  lat.  36*^  49'  S.,  long.  37^  ( 

1S49.  by  himself  and  his  fellow-vnyager.  the  nearest  land  beuig  nt  the  mo 

Dr.  Joseph  ll(H»ker,  that  in  latitude  1*)^  the  Kiver  Plate.     A  weight  of  9  lb 

3'  S..  longitude  23^  14'  W.  (the  island  of  attached  to  the  line,  which  wus  ^ 

Triiiichtd,  the  nearest   hind,   being   486  inch  in  diameter  ;  the  day  wiis  call 

miles  <li>tant.  and  iKaring  S.  47  W.).  the  line  took  9  hours  24  minutes  ' 

they  sounded  with  a  weight  of  76  lbs.,  and  out.     When  the  bottom  was  strut 

4600  fathoms  of  line,  \\hieh  ran  out  to  line  was   raised  50  fathoms,   and 

tlie  \ery  cud,  without  finding  bottom,  allowed  to  nm  out  again.    It  str 
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requisite  to  produce  the  maximum  of  beat,  or  the  summer  of  the 
Base  year. 

To  begin  with  the  northern  hemisphere.  Let  us  suppose  those 
lulls  of  the  Italian  peninsula  and  of  Sicily,  which  are  of  comparatively 
modem  origin,  and  contain  many  fossil  shells  identical  with  living 
ipecies,  to  subside  again  into  the  sea,  from  which  they  have  been 
nifled,  and  that  an  extent  of  land  of  equal  area  and  height  (varying 
from  one  to  three  thousand  feet)  should  rise  up  in  the  Arctic  Ocean 
between  Siberia  and  the  north  pole.  In  speaking  of  such  changes,  I 
shall  not  allude  to  the  manner  in  which  I  conceive  it  possible  that 
they  may  be  brought  about,  nor  of  the  time  required  for  their 
accomplishment  —  reserving  for  a  future  occasion,  not  only  the 
proofs  that  revolutions  of  equal  magnitude  have  taken  .place,  but 
that  analogous  operations  are  still  in  gradual  progress.  The  alter- 
ttioQ  now  supposed  in  the  physical  geography  of  the  northern  regions 
Would  cause  additional  snow  and  ice  to  accumulate  where  now  there 
is  usually  an  open  sea ;  and  the  temperature  of  the  greater  part  of 
Europe  would  be  somewhat  lowered,  so  as  to  resemble  more  nearly 
that  of  corresponding  latitudes  of  North  America :  or,  in  other  words, 
it  might  be  necessary  to  travel  about  10°  farther  south  in  order  to 
meet  with  the  same  climate  which  we  now  enjoy.  No  compensation 
woold  be  derived  from  the  disappearance  of  land  in  the  Mediterranean 
countries ;  but  the  contrary,  since  the  mean  heat  of  the  soil  in  those 
latitudes  probably  exceeds  that  which  would  belong  to  the  sea,  by 
which  we  imagine  it  to  be  replaced. 

But  let  the  configuration  of  the  surface  be  still  farther  varied,  and 

let  some  large  district  within  or  near  the  tropics,  such  as  Brazil,  with 

its  plains  and  hills  of  moderate  height,  be  converted  into  sea,  while 

lands  of  equal  elevation  and  extent  rise  up  in  the  arctic  circle.    From 

this  change  there  would,  in  the  first  place,  result  a  sensible  diminution 

of  temperature  near  the  tropic,  for  the  Brazilian  soil  would  no  longer 

be  heated  by  the  sun ;  so  that  the  atmosphere  would  be  less  warm,  as 

also  the  neighbouring  Atlantic.     On  the  other  hand,  the  whole  of 

Europe,  Northern  Asia,  and  North  America,  would  be  chilled  by  the 

enormous  quantity  of  ice  and  snow,  thus  generated  on  the  new  arctic 

continent.     If,  as  we  have  already  seen,  there  are  now  some  points 

in  the  southern  hemisphere  where  snow  is  perpetual  down  to  the 

level  of  the  sea,  in  latitudes  as  low  as  central  England,  such  might 

assuredly  be  the  case  throughout  a  great  part  of  Europe,  under  the 

change  of  circumstances   above   supposed :  and  if  at  present  the 

extreme  range  of  drifted  icebergs  is  the  Azores,  they  might  easily 

reach  the  equator  after  the  assumed  alteration.     But  to  pursue  the 

rabject  atill  farther,  let  the  Himalaya  mountains,  with  the  whole  of 

Hindostan,  sink  down,  and  their  place  be  occupied  by  the  Indian 

the  nine  pmnt  as  before,  verifying  the  greater.    The  highest  summits  of  the 

ohflei'iatioiML      Nevertheless    some    ex-  Himalaya   arc  abont  28,000  feet ;  the 

pmpafH    sarreyors    have     remarked  Pacific,  according  to  this  sounding,  is 

the  experiment  would  have  been  probably  at  some  points  twice  as  deep  as 

had  the  weight  been  the  Himalaya  are  high. 
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Ocean,  while  an  equal  extent  of  territory  and  mountains,  of  the 
vast  height,  rise  up  between  North  Greenland  and  the  Orkaq 
Islands.  It  seems  difficult  to  exaggerate  the  amount  to  which  dj 
climate  of  the  northern  hemisphere  would  then  be  cooled.* 

But  the  refrigeration  brought  about  at  the  same  time  in  tt 
southern  hemisphere,  would  be  nearly  equal,  and  the  difference  i 
temperature  between  the  arctic  and  equatorial  latitudes  would  not  li 
much  greater  than  at  present ;  for  no  important  disturbance  can  ooM 
in  the  climate  of  a  particular  region  without  its  immediately  affectim 
all  other  latitudes,   however  remote.     The  heat  and  cold  whU 
surround  the  globe  are  in  a  state  of  constant  and  universal  flux  afli 
reflux.     The  heated  and  rarefied  air  is  always  rising  and  flowiif| 
from  the  equator  towards  the  poles  in  the  higher  regions  of  th 
atmosphere ;  while  in  the  lower,  the  colder  air  is  flowing  back  I 
restore  the  equilibrium.     That  this  circulation  is  constantly  going  M 
in  the  aerial  currents  is  not  disputed ;  it  is  often  proved  by  tkl 
opposite  course  of  the  clouds  at  difibrent  heights,  and  the  fact  ll 
been  farther  illustrated  in  a  striking  manner  by  two  recent  eveoll 
The  trade  wind  continually  blows  with  great  force  from  the  island  C 
Barbadoes  to  that  of  St.  Vincent ;  notwithstanding  which,  duiii| 
the  eruption  of  the  volcano  in  the  island  of  St.  Vincent,  in  18U 
ashes  fell  in  profusion  from  a  great  height  in  the  atmosphere  upo 
Barbadoes.f    In  like  manner,  during  the  great  eruption  of  Sumbawi 
in  1815,  ashes  were  carried  to  the  islands  of  Amboyna  and  Bandi 
which  last  is  about  800  miles  east  from  the  site  of  the  volcano.    T< 
the  south-east  monsoon  was  then  at  its  height.}      This  apparel 
transposition  of  matter  against  the  wind,  confirmed  the  opinion < 
the  existence  of  a  counter-current  in  the  higher  regions,  which  hi 
previously  rested  on  theoretical  conclusions  only. 

That  a  corresponding  interchange  takes  place  in  the  seas,  : 
demonstrated,  according  to  Iluniboklt,  by  the  cold  which  is  found  1 
exist  at  great  depths  within  the  tropics ;  and,  among  other  prod 
may  be  mentioned  the  mass  of  warmer  water  whicli  the  gulf  streil 
is  constantly  bearing  northwards,  while  a  cooler  current  flows  /r» 
the  north  along  the  coast  of  Greenland  and  Labrador,  and  helps  ' 
restore  the  equilibrium. § 

*  Mr.  Ilopkins,    rcas^^ninp  on   data  swoepinp:    over    the    submerged    an 

furnished   by  Dove's   li^themial  niaj»s»  Quart.  Joum.  GeoL  Soe.  1852,  p.  85. 

lias  arrived  at  tlie  very  intensiing  eon-  f  Daiiicll's     Meteorological     Emi^ 

clusii>n,  that  l»ovh  on  Snowdun  and  tlie  p.  103. 

lower  mountains  of  the  West  of  Ireland  t  ()b!!er\*ed  by  J.  Crawiiird,  Esq, 

the  snow-line  would  des<*end  to  within  ^  In  $i«aking  of  the  eirculationof  t 

l(KX)  feet  of  the  sea  levol,  ami  glaeiors  and  water  in  this  chapter,  no  allusion 

reach  the  sea,  if  we  could  simply  :is-  made   to  the  traile  winds,  or  to  ir 

sume   the  three  following  giH>graphieal  pdaritios  in  the  diRHtion  of  cuirei 

changes : —  caus<*il  by  the  rotatt>r}-  motion  of  the  eai 

1st,  The  diversion  of  the  gulf  stream  Those   cau>es    prevent    the   movene 

fn>m  its  pri*si»nt  northerly  course  ;  2dly,  fri»m  l>oing  dia'i-t  fn>m  north  to  son 

the  depressiim  of  the  existing  land  of  ur  from  6<mih  to  in)rth,  but  they  doi 

Nonhem  and  Western  Eun»jH.\  to  the  atlVvt   the  theorj-  of  a  constant  cxp 

amount  of  no  more  than  5(.H>  feet  :  and  laiion. 
3dJv,  A  cold  curreut  fn»m  the   North 
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Currentfl  of  colder  and  therefore  specifically  heavier  water  pass 
from  the  poles  towards  the  equator,  which  cool  the  inferior  parts  of 
the  ocean ;  so  that  the  heat  of  the  torrid  zone  and  the  cold  of  the 
polar  circle  balance  each  other.  The  refrigeration,  therefore,  of  the 
polar  regions,  resulting  from  the  supposed  alteration  in  the  distribution 
of  land  and  sea,  would  be  immediately  communicated  to  the  tropics^ 
and  from  them  its  influence  would  extend  to  the  antarctic  circle, 
where  the  atmosphere  and  the  ocean  would  be  cooled,  so  that  ice  and 
8D0W  would  augment.  Although  the  mean  temperature  of  higher 
latitudes  in  the  southern  hemisphere  is,  as  before  stated,  for  the  most 
part,  lower  than  that  of  the  same  parallels  in  the  northern,  yet,  for  a 
I  considerable  space  on  each  side  of  the  line,  the  mean  annual  heat  of 
the  waters  is  found  to  be  the  same  in  corresponding  parallels.  If, 
therefore,  by  the  new  position  of  the  land,  the  formation  of  icebergs 
had  become  of  common  occurrence  in  the  northern  temperate  zone, 
uid  if  these  were  frequently  drifted  as  far  as  the  equator,  the  same 
degree  of  cold  which  they  generated  would  immediately  be  communi- 
cited  as  far  as  the  tropic  of  Capricorn,  and  from  thence  to  the  lands 
or  ocean  to  the  south. 

The  freedom,  then,  of  the  circulation  of  heat  and  cold  from  pole 
to  pole  being   duly  considered,  it  will  be  eyident  that  the  mean 
temperature  which  ma/ prevail  at  the  same  point  at  two  distinct 
periods,  may  differ  far  more  widely  than  that  of  any  two  points  in 
the  same  parallels  of  latitude,  at  one  and  the  same  period.     For  the 
ttnge  of  temperature,   or  in   other  words,   the    curvature  of  the 
isothermal  lines  in  a  given  zone,  and  at  a  given  period,  must  always 
he  circumscribed  within  narrow  limits,  the  climate  of  each  place  in 
that  zone  being  controlled  by  the  combined  influence  of  the  geogra- 
phical peculiarities  of  all  other  paits  of  the  earth.     Whereas,  if  we 
compare  the  state  of  things  at  two  distinct  and  somewhat  distant 
epochs,  a  particular  zone  may  at  one  time  be  under  the  influence  of 
one  class  of  disturbing  causes,  and  at  another  time  may  be  aflected 
by  an  opposite  combination.     The  lands,  for  example,  to  the  north  of 
Greenland  cause  the  present  climate  of  North  America  to  be  colder 
than  that  of  Europe  in  the  same  latitudes ;  but  the  excess  of  cold  is 
not  so  great  as  it  would  have  been  if  the  western  hemisphere  had 
been  entirely  isolated,  or  separated  from  the  eastern  like  a  distinct 
planet.     For  not  only  does  the  refrigeration  produced  by  Green- 
land chill  to  a  certain  extent  the  atmosphere  of  northern  and  western 
Europe,  but  the  mild  climate  of  Europe  reacts  also  upon  North 
America,  and  moderates  the  chilling  influence  of  the  adjoining  polar 
lands. 

To  return  to  the  state  of  the  earth  after  the  changes  above  supposed, 
we  most  not  omit  to  dwell  on  the  important  effects  to  which  a  wide 
expanse  of  perpetual  snow  would  give  rise.  It  is  probable  that  nearly 
the  whole  sea,  from  the  poles  to  the  parallels  of  45°,  would  be  frozen 
orer ;  for  it  is  well  known  that  the  immediate  proximity  of  land  is 
not  essential  to  the  formation  and  increase  of  field  ice,  provided  there 
be  in  some  part  of  the  same  zone  a  suflicient  quantity  of  glaciers 
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generated  on  or  near  the  land^  to  cool  down  the  sea.  Captain  Score4 
in  his  acconnt  of  the  arctic  regions,  observes,  that  when  the  sun's  lij 
''  fall  upon  the  snow-clad  surface  of  the  ice  or  land,  they  are  H 
great  measure  reflected,  without  producing  any  material  elevatioA 
temperature ;  but  when  they  impinge  on  the  black  exterior  of  a  aU 
the  pitch  on  one  side  occasionally  becomes  fluid  while  ice  is  rapid 
generated  at  the  other."  ♦ 

Now  field  ice  is  almost  always  covered  with  snow  f ;  and  thua^B 
only  land  as  extensive  as  our  existing  continents,  but  immense  tnfl 
of  sea  in  the  frigid  and  temperate  zones,  might  present  a  solid  surb 
covered  with  snow,  and  reflecting  the  sun's  rays  for  the  greater  ptf 
of  the  year.  Within  the  tropics,  moreover,  where  the  ocean  oM 
predominates,  the  sky  would  no  longer  be  serene  and  clear,  as  in  dl 
present  era ;  but  masses  of  floating  ice  would  cause  quick  condensatioi 
of  vapour,  so  that  fogs  and  clouds  would  deprive  the  vertical  mjii 
the  sun  of  half  their  power.  The  whole  planet,  therefore,  worf 
receive  annually  a  smaller  proportion  of  the  solar  influence,  and  ll 
external  crust  would  part,  by  radiation,  with  some  of  the  heat  vrVi 
had  been  accumulated  in  it,  during  a  different  state  of  the  sorfi0 
This  heat  would  be  dissipated  in  the  spaces  surrounding  our  atM 
sphere,  which,  according  to  the  calculations  of  M.  Fourier,  hare 
temperature  much  inferior  to  that  of  freezing  water. 

After  the  geographical  revolution  above  assumed,  the  clipiate< 
equinoctial  lands  might  be  brought  at  last  to  resemble  that  of  the  preaei 
temperate  zone,  or  perhaps  be  far  more  wintry.  They  who  shod 
then  inhabit  such  small  isles  and  coral  reefs  as  are  now  seen  in  tl 
Indian  Ocean  and  South  Pacific,  would  wonder  that  zoophytes  of  laij 
dimensions  had  once  been  so  prolific  in  their  seas ;  or  if,  perchano 
they  found  the  wood  and  fruit  of  the  cocoa-nut  tree  or  the  pil 
silicified  by  the  waters  of  some  ancient  mineral  spring,  or  incrusti 
with  calcareous  matter,  they  would  mu<e  on  the  revolutions  which  hi 
annihilated  such  genera,  and  replaced  them  by  the  oak,  the  chestni 
and  the  pine.  With  equal  admiration  would  they  compare  tl 
skeletons  of  their  small  lizards  with  the  bones  of  fossil  alligators  il 
crocodiles  more  than  twenty  feet  in  length,  which,  at  a  former  epoc 
had  multiplied  between  the  tropics :  and  when  they  saw  a  pii 
included  in  an  iceberg,  drifted  from  latitudes  which  we  now  o 
temperate,  they  would  be  astonished  at  the  proof  thus  aflbrded,  tb 
forests  had  once  grown  where  nothing  could  be  seen  in  their  O! 
times  but  a  wilderness  of  snow. 

If  the  reader  hesitate  to  suppose  so  extensive  an  alteration 
temperature  as  the  probable  consequence  of  geographical  chang 
confined  to  one  hemisphere,  he  should  remember  liow  great  are  t 
local  anomalies  in  climate  now  resulting  from  the  peculiar  distribatl 
of  land  and  sea  in  certain  regions.  Thus,  in  the  island  of  Soi 
Greorgia,  before  mentioned  (p.  98.),  Captain  Cook  found  the  er 
lasting  snows  descending  to  the  level  of  the  sea,  between  lat  54"  t 
55^  S. ;  no  trees  or  shrubs  were  to  be  seen,  and  in  summer  a  f 

•  See  ScorcshfB  Arctic  Regions,  vol  i.  p.  378.  f  Ibid.  p.  320. 
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rocks  only,  after  a  partial  melting  of  the  ice  and  snow,  were  scantily 
covered  with  moss  and  turfs  of  grass.  If  such  a  climate  can  now 
exist  at  the  level  of  the  sea  in  a  latitude  corresponding  to  that  of 
Yorkshire  in  spite  of  all  those  equalising  causes  before  enumerated, 
by  which  the  mixture  of  the  temperatures  of  distant  regions  is  faci- 
litated throughout  the  globe,  what  rigours  might  we  not  anticipate 
in  a  winter  generated  by  the  transfer  of  the  mountains  of  India  to 
our  arctic  circle ! 

Bat  we  have  still  to  contemplate  the  additional  refrigeration  which 
night  be  effected  by  changes  in  the  relative  position  of  land  and  sea 
ID  the  southern  hemisphere.  If  the  remaining  continents  were  trans- 
ferred from  the  equatorial  and  contiguous  latitudes  to  the  south  polar 
regions,  the  intensity  of  cold  produced  might,  perhaps,  render  the 
globe  uninhabitable.  We  are  too  ignorant  of  the  laws  governing  the 
direction  of  subterranean  forces,  to  determine  whether  such  a  Qrisis  be 
within  the  limits  of  possibility.  At  the  same  time,  it  may  be  observed, 
that  no  distribution  of  land  can  well  be  imagined  more  irregular,  or, 
M  it  were,  capricious,  than  that  which  now  prevails ;  for  at  present, 
the  globe  may  be  divided  into  two  equal  parts,  in  such  a  manner,  that 
one  hemisphere  shall  be  almost  entirely  covered  with  water,  while  the 
other  shall  contain  less  water  than  land  (see  figs.  3  and  4.)* ;  and,  what 
is  still  more  extraordinary,  on  comparing  the  extratropical  lands  in 
the  northern  and  southern  hemispheres,  the  lands  in  the  northern  are 
found  to  be  to  those  in  the  southern  in  the  proportion  of  thirteen  to 
one!f  To  imagine  all  the  lands,  therefore,  in  high,  and  all  the  sea  in 
low  latitudes,  as  delineated  in  fig.  6.  p.  111.,  would  scarcely  be  a  more 
uiomalous  state  of  the  surface. 

Position  of  land  and  sea  which  might  give  rise  to  the  extreme  of 
^fat — Let  us  now  turn  from  the  contemplation  of  the  winter  of  the 
"great  year,"  and  consider  the  opposite  train  of  circumstances  which 
Would  bring  on  the  spring  and  summer.  To  imagine  all  the  lands  to 
he  collected  together  in  equatorial  latitudes,  and  a  few  promontories 
only  to  project  beyond  the  thirtieth  parallel,  as  represented  in  the 
annexed  maps  (figs.  5  and  6.),  would  be  undoubtedly  to  suppose  an 
extreme  result  of  geological  change.  But  if  we  consider  a  mere  ap- 
proximation to  such  a  state  of  things,  it  would  be  sufficient  to  6ause 
a  general  elevation  of  temperature.  Nor  can  it  be  regarded  as  a 
Tisionary  idea,  that  amidst  the  revolutions  of  the  earth's  surface,  the 

•  This  is  shown  hy  projecting  a  map  has  any  land  opposite  to  it,  is  intimately 

on  die  horizon  of  London,  that  is  to  say,  connected  with  this  excess  of  land  in  one 

by  supposing  the  eye  of  the  observer  to  of  the  two  hemispheres  above  alluded  to. 

be  placed  nboye  that  city,  and  to  see  from  Thus,  in  fig.  3.,  the  land  shaded  black  in 

thence  one  half  of  the  globe.    For  it  so  part  ofChina  answers  to  that  portion  of  the 

happens  that  from  th^  point,  and  no  extremity  of  South  America  and  Tierra 

€Cher,  we  should  behold   the   greatest  del  Fuego  which  is  opposite  or  antipodal 

poflsible  quantity  of  land  ;  and  if  we  are  to  it,  wh'dst  the  dark  spots  in  the  northern 

then  traiMfcrred  to  the  opposite  or  anti-  and    central    parts  of  South   America 

pedal  point,  we  should  see  the  greatest  represent  Borneo,  Sumatra,  and  other 

poesible  quantity  of  water.     (See  figs.  3  antipodal  islands  in  the  Eastern  Archi- 

and  4.)  A  singular  fsuct^  first  pointed  out  pelago.     See  Gardner,  GeoL  Soc  Pro- 

bj  Mr.  James  Gardner,  namely,  that  only  ceedings,  1833,  vol  L  p.  488. 

twentj-terenth  part  of  the  dry  land  f  Humboldt  on  Isothermal  LVnea. 
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Map  shoving  the  present  aneqnal  DlsCribation  of  LutD  and  Watbk  on  tht 
SurfuM  of  the  Globs. 
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g  the  position  of  LiHn  and  Sea  which  might  prodnce  the  B^tremai 
of  Heat  aud  Cold  in  ihe  CUmaws  of  the  Globb. 


Extreme  of  Heat. 


Extreme  of  Cold. 
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quantity  of  land  should,  at  certain  periods,  have  been  simultaneoo^ 
lessened  in  the  vicinity  of  both  the  poles,  and  increased  within  m 
tropics.  We  must  recollect  that  even  now  it  is  necessary  to  atom 
to  the  height  of  fifteen  thousand  feet  in  the  Andes  under  the  line,  OV 
in  the  Himalaya  mountains,  which  are  without  the  tropic,  to  seventfli 
thousand  feet,  before  we  reach  the  limit  of  perpetual  snow.  On  tb 
northern  slope,  indeed,  of  the  Himalaya  range,  where  the  heat  radittl 
from  a  great  continent  moderates  the  cold,  there  are  meadows  il 
cultivated  land  at  an  elevation  equal  to  the  height  of  Mont  Blaofii 
If  then  there  were  no  arctic  lands  to  chill  the  atmosphere,  and  freei 
the  sea,  and  if  the  loftiest  chains  were  near  the  line,  it  seems  retaoi 
able  to  imagine  that  the  highest  mountains  might  be  clothed  with 
rich  vegetation  to  their  summits^  and  that  nearly  all  signs  of  fio 
would  disappear  from  the  earth. 

When  the  absorption  of  the  solar  rays  was  in  no  region  impedl 
even  in  winter,  by  a  coat  of  snow,  the  mean  heat  of  the  earth's  erf 
would  augment  to  considerable  depths,  and  springs,  which  we  knc 
to  be  in  general  an  index  of  the  mean  temperature  of  the  climaf 
would  be  warmer  in  all  latitudes.     The  waters  of  lakes,  therefore,  i: 
rivers,  would  be  much  hotter  in  winter,  and  would  be  never  chilled 
summer  by  melted  snow  and  ice.     A  remarkable  uniformity  of  climi 
would  prevail  amid  the  archipelagos  of  the  temperate  and  polar  oceti 
where  the  tepid  waters  of  equatorial  currents  would  freely  circuli 
The  general  humidity  of  the  atmosphere  would  far  exceed  tliat  of  1 
j)rescnt  period,  for  increased  heat  would  promote  evaporation  in 
parts  of  the  globe.     The  winds  would  be  first  heated  in  their  pasa 
over  the  tropical  plains,  and  would  then  gather  moisture  from 
surface  of  the  deep,  till,  charged  with  vapour,  they  arrived  at  extre 
northern   and   southern   regions,  and   there   encountering   a  ccx 
atmosphere,  discharged  their  burden  in  warm  rain.     If,  during 
long  night  of  a  polar  winter,  the  snows  should  whiten  the  summit 
some  arctic  islands,  they  would  be  dissolved  as  rapidly  by  the  retw 
ing  sun,  as  are  the  snows  of  Etna  by  the  blasts  of  the  sirocco. 

We  learn  from  those  who  have  studied  the  geographical  distrihal 
of  plants,  that  in  very  low  latitudes,  at  present,  the  vegetatid 
small  islands  remote  from  continents  has  a  peculiar  character; 
ferns  and  allied  families,  in  particular,  bearing  a  great  proportioi 
the  total  number  ol  other  plants.  Other  circumstances  being 
same,  the  more  remote  the  isles  are  from  the  continents,  the  gre 
does  this  proportion  become.  Thus,  in  the  continent  of  India, 
the  tropical  parts  of  New  Holland,  the  proportion  of  ferns  to 
jihajnojjamous  plants  is  only  as  one  to  twenty-six;  whereas,  in 
South-Sea  Islands,  it  is  as  one  to  four,  or  even  as  one  to  three,  f 
We  might  expect,  therefore,  in  the  summer  of  the  "great  y< 
or  cycle  of  climate,  that  there  would  be  a  predominance  of  tree  i 

♦  ITuiiiIk>1«U,  Tableaux  de  la  Nature,    wir  la  Nat  <lc  la  Vcjrt't,  &c.,  Am 
torn.  i.  p.  112.  JSiicuccs  Nat.,  Nov.  1828. 

f  Ad.  Brungiiiart,  Consid.  GOncralcs 
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•sd  plants  allied  to  genera  now  called  tropical,  in  the  islands  of  the 
wide  ocean,  while  many  forms  now  confined  to  arctic  and  temperate 
itgions,  or  onlj  found  near  the  equator  on  the  summit  of  the  loftiest 
mountains,  would  almost  disappear  from  the  earth.  Then  might 
those  genera  of  animals  return,  of  which  the  memorials  are  preserved 
in  the  ancient  rocks  of  our  continents.  The  pterodactjle  might  flit 
again  through  the  air,  the  huge  iguanodon  reappear  in  the  woods, 
and  the  ichthjosaurs  swarm  odce  more  in  the  sea.  Coral  reefs  might 
be  prolonged  again  beyond  the  arctic  circle,  where  the  whale  and 
the  narwal  now  abound ;  and  droves  of  turtles  might  begin  again  to 
wander  through  regions  now  tenanted  by  the  walrus  and  the  seal. 

But  not  to  indulge  too  far  in  these  speculations,  I  may  observe,  in 
eonclusion,  that  however  great,  during  the  lapse  of  ages,  may  be  the 
vicissitudes  of  temperature  in  every  zone,  it  accords  with  this  theory 
that  the  general  climate  should  not  experience  any  sensible  change 
in  the  course  of  a  few  thousand  years ;  because  that  period  is  insuffi- 
cient to  affect  the  leading  features  of  the  physical  geography  of  the 
globe. 

Notwithstanding  the  apparent  uncertainty  of  the  seasons,  it  is  found 
that  the  mean  temperature  of  particular  localities  is  very  constant, 
when  observations  made  for  a  sufficient  series  of  years  are  compared. 

Yet  there  must  be  exceptions  to  this  rule ;  and  even  the  labours 
f^man  have,  by  the  drainage  of  lakes  and  marshes,  and  the  felling  of 
extensive  forests,  caused  such  changes  in  the  atmosphere  as  greatly 
to  raise  our  conception  of  the  more  important  influence  of  those 
forces  to  which,  in  certain  latitudes,  even  the  existence  of  land  or  water, 
kill  or  valley,  lake  or  sea,  must  be  ascribed.  If  we  possessed  accu- 
ftte  information  of  the  amount  of  local  fluctuation  in  climate  in  the 
course  of  twenty  centuries,  it  would  often,  undoubtedly,  be  consider- 
tble.  Certain  tracts,  for  example,  on  the  coast  of  Holland  and  of 
England  consisted  of  cultivated  land  in  the  time  of  the  Romans, 
^hich  the  sea,  by  gradual  encroachments,  has  at  length  occupied. 
Bere,  at  least,  a  slight  alteration  has  been  eflected ;  for  neither  the 
distribution  of  heat  in  the  different  seasons,  nor  the  mean  annual 
temperature  of  the  atmosphere  investing  the  sea,  is  precisely  the  same 
IS  that  which  rests  upon  the  land. 

In  those  countries,  also,  where  earthquakes  and  volcanos  are  in  full 
activity,  a  much  shorter  period  may  produce  a  sensible  variation. 
The  climate  of  the  great  table-land  of  Malpais  in  Mexico,  must  differ 
BUiterially  from  that  which  prevailed  before  the  middle  of  the  last 
centory;  for,  since  that  time,  six  mountains,  the  highest  of  them 
rising  sixteen  hundred  feet  above  the  plateau,  have  been  thrown  up 
by  volcanic  eruptions.  It  is  by  the  repetition  of  an  indefinite  num- 
ber of  such  local  revolutions,  and  by  slow  movements  extending 
nomltaneously  over  wider  areas,  as  will  be  afterwards  shown,  that  a 
general  change  of  climate  may  finally  be  brought  about. 
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OK  FOBMEB  CHANGES  IK  PHYSICAL  OEOGBAPHT  AKD  CLUEATIi 

Geographical  features  of  the  northern  hemisphere,  at  the  period  of  the  oldeit  h 
liferons  strata — State  of  the  surface  when  the  mountain  limestone  and  I 
were  deposited — Changes  in  physical  geography,  between  the  carboniftl 
period  and  the  chalk — Abrupt  transition  from  the  seoondarj  to  the  tertiary  il 
— Accession  of  land,  and  elevation  of  mountain  chains,  after  the  oonsolidilU 
the  secondary  rocks — Explanation  of  Map,  showing  the  area  oorered  \ifi 
since  the  commencement  of  the  tertiary  period — Astronomical  theories  it 
causes  of  variations  in  climate — Theory  of  the  diminution  of  the  supposed, 
mitive  heat  of  the  globe. 

Ik  the  sixth  chapter,  I  stated  the  arguments  derived  from  orfl 
remains  for  concluding  that  in  the  period  when  the  carboniftl 
strata  were  deposited,  the  temperature  of  the  ocean  and  the  air : 
more  uniform  in  the  different  seasons  of  the  year,  and  in  diffiii 
latitudes,  than  at  present,  and  that  there  was  a  remarkable  abs^M 
cold  as  well  as  great  moisture  in  the  atmosphere.     It  was  also  b\m 
that  the  climate  had  been  modified  more  than  once  since  that  ep 
and  that  it  had  been  reduced,  by  successive  changes,  more  and  ii 
nearly  to  that  now  prevailing  in  the  same  latitudes.     Farther,  I 
deavoured,  in  the  last  chapter,  to  prove  that  vicissitudes  in  clii 
of  no  less  importance  may  be  expected  to  recur  in  future,  if  i 
admitted  that  causes  now  active  in  nature  have  power,  in  the  lap 
ages,  to  produce  considerable  variations  in  the  relative  positio 
land  and  sea.     It  remains  to  inquire  whether  the  alterations,  n 
the  geologist  can  prove  to  have  actually  taken  place  at  former  pel 
in  the  geographical  features  of  the  northern  hemisphere,  coincii 
their  nature,  and  in  the  time  of  their  occurrence,  with  such  j 
lutions  in  climate  as  might  naturally  have  resulted,  according  t 
meteorological  principles  already  explained. 

Period  of  the  primary  fossiliferous  rocks. — The  oldest  syste 
strata  which  afford  by  their  organic  remains  any  evidence  i 
climate,  or  the  former  position  of  land  and  sea,  are  those  fon 
known  as  the  transition  rocks,  or  what  have  since  been  termed  I 
Silurian  or  "primary  fossiliferous"  formations.  These  have  been ; 
in  England,  France,  Germany,  Sweden,  Russia,  and  other  pa 
central  and  northern  Europe,  as  also  in  the  great  Lake  disti 
Canada  and  the  United  States.  The  multilocular  or  cham 
univalves,  including  the  Nautilus,  and  the  corals,  obtained  froj 
limestones  of  these  ancient  groups,  have  been  compared  to  form 
most  largely  developed  in  tropical  seas.  The  corals,  however, 
been  shown  by  M.  Milne  Edwards  to  differ  generally  from  all 
zoophytes ;  so  that  conclusions  as  to  a  warmer  climate  drawn  fros 
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remote  analogies  must  be  received  with  caution.  Hitherto,  few,  if 
aoj,  contemporaneous  vegetable  remains  have  been  noticed;  but 
SQch  as  are  mentioned  agree  more  nearly  with  the  plants  of  the 
carboniferous  era  than  any  other,  and  would  therefore  implj  a  warm 
and  humid  atmosphere  entirely  free  from  intense  cold  throughout 
the  year. 

This  absence  or  great  scarcity  of  plants  as  well  as  of  freshwater 
shells  and  other  indications  of  neighbouring  land,  coupled  with  the 
wide  extent  of  marine  strata  of  this  age  in  Europe  and  North 
America,  are  facts  which  imply  such  a  state  of  physical  geography 
(so  far  at  least  as  regards  the  northern  hemisphere)  as  would,  accord- 
ing to  the  principles  before  explained^  give  rise  to  such  a  moist  and 
equable  climate.    (See  p.  109.  and  fig.  6.  p.  111.) 

Carboniferous  group. — This  group  comes  next  in  the  order  of 
snecession :  and  one  of  its  principal  members,  the  mountain  limestone, 
was  evidently  a  marine  formation,  as  is  shown  by  the  shells  and 
corab  which  it  contains.  That  the  ocean  of  that  period  was  of 
ooDsiderable  extent  in  our  latitudes,  we  may  infer  from  the  continuity 
of  these  calcareous  strata  over  large  areas  in  Europe,  Canada,  and 
the  United  States.  The  same  group  has  also  been  traced  in  North 
America,  towards  the  borders  of  the  arctic  sea.* 

There  are  also  several  regions  in  Scotland,  and  in  the  central  and 
Borthem  parts  of  England,  as  well  as  in  the  United  States,  where 
Biarine  carboniferous  limestones  alternate  with  strata  containing  coal, 
in  such  a  manner  as  to  imply  the  drifting  down  of  plants  by  rivers 
into  the  sea,  and  the  alternate  occupation  of  the  same  space  by  fresh 
ind  salt  water. 

Since  the  time  of  the  earlier  writers,  no  strata  have  been  more 

extensively  investigated,  both  in  Europe  and  North  America,  than 

those  of  the  ancient  carboniferous  group,  and  the  progress  of  science 

has  led  to  a  general  belief  that  a  large  portion  of  the  purest  coat 

has  been  formed,  not,  as  was  once  imagined,  by  vegetable  matter 

Hotted  from  a  distance,  but  by  plants  which  grew  on  the  spot,  and 

loiiiewhat  in  the  manner  of  peat  on  the  spaces  now  covered  by  the 

beds  of  coaL     The  former  existence  of  land  in  some  of  these  spaces 

has  been  proved,  as  already  stated,  by  the  occurrence  of  numerous 

upright  fossil  trees,  with  their  roots  terminating  downwards  in  seams 

of  coal ;  and  still  more  generally  by  the  roots  of  trees  (stigmariae) 

remaining  in  their  natural  position  in  the  clays  which  underlie  almost 

ewery  layer  of  coaL 

As  some  nearly  continuous  beds  of  such  coal  have  of  late  years  been 
tiaced  in  North  America,  over  areas  100  or  200  miles  and  upwards 
in  fiameter,  it  may  be  asked  whether  the  large  tracts  of  ancient  land 
UDplied  by  this  fact  are  not  inconsistent  with  the  hypothesis  of  the 
goienl  prevalence  of  islands  at  the  period  under  consideration  ?  In 
repiy,  I  may  observe  that  the  coal-fields  must  originally  have  been 
low  dHayial  grounds,  resembling  in  situation  the  cypress-swamps  of 

•  8ir  J.  Bichardflon,  Proceedings  of  GeoL  Soc  No.  7.  p.  68.  March,  1828. 
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the  Mississippi,  or  the  snnderbunds  of  the  Ganges,  being  liable  | 
them  to  be  inundated  at  certain  periods  by  a  river  or  by  the 
the  land  should  be  depressed  a  few  feet  All  the  phenomena, 
and  inorganic,  implj  conditions  nowhere  to  be  met  with  except  ia  1 
deltas  of  large  rivers.  We  have  to  account  for  an  abundant  so] 
of  fluyiatile  sediment,  carried  for  ages  towards  one  and  the 
region,  and  capable  of  forming  strata  of  mud  and  sand  thousandl 
feet,  or  even  fathoms,  in  thickness,  manj  of  them  consisting  of 
nated  shale,  inclosing  the  leaves  of  ferns  and  other  terrestrial 
We  have  also  to  explain  the  frequent  intercalations  of  root-beds,  li 
the  interposition  here  and  there  of  brackish  and  marine  deposit^  4 
monstrating  the  occasional  presence  of  the  neighbouring  sea.  I 
these  forest-covered  deltas  could  only  have  been  formed  at  the  toM 
nation  of  large  hjdrographical  basins,  each  drained  by  a  great  riv 
and  its  tributaries ;  and  the  accumulation  of  sediment  bears  testimoiif 
contemporaneous  denudation  on  a  large  scale,  and,  therefore,  to  airf 
area  of  land,  probably  containing  within  it  one  or  more  mounli 
chains. 

In  the  case  of  the  great  Ohio  or  Appalachian  coal-field,  the  lii| 
in  the  world,  it  seems  clear  that  the  uplands  drained  by  one  or  m 
great  rivers  were  chiefly  to  the  eastward,  or  they  occupied  a  ^f 
now  filled  by  part  of  the  Atlantic  Ocean,  for  the  mechanical  depot 
of  mud  and  sand  increase  greatly  in  thickness  and  coarseneil 
material  as  we  approach  the  eastern  borders  of  the  coal-field,  or  f 
south-east  flanks  of  the  Alleghany  mountains,  near  Philadelphia, 
that  region  numerous  beds  of  pebbles,  often  of  the  size  of  a  hen's  i| 
are  seen  to  alternate  with  beds  of  pure  coal. 

But  the  American  coal-fields  are  all  comprised  within  the  30th  I 
50th  degrees  of  north  latitude ;  and  there  is  no  reason  to  presume  t 
the  lands  at  the  borders  of  which  they  originated  ever  penetrated  so 
or  in  such  masses  into  the  colder  and  arctic  regions,  so  as  to  geoei 
a  cold  climate.    In  the  southern  hemisphere^  where  the  predomioa 
of  sea  over  land  is  now  the  distinguishing  geographical  feature^ 
nevertheless  find  a  large  part  of  the  continent  of  Australia,  as  wd 
New  Zealand,  placed  between  the  30th  and  50th  degrees  of  S.  latiti 
The  two  islands  of  New  Zealand  taken  together,  are  between  800 
900  miles  in  length,  with  a  breadth  in  some  parts  of  ninety  miles, 
they  stretch  as  far  south  as  the  46th  degree  of  latitude.     They  a£l 
therefore,  a  wide  area  for  the  growth  of  a  terrestrial  vegetation, 
the  botany  of  this  region  is  characterised  by  abundance  of  ferns, 
hundred  and  forty  species  of  which  are  already  known,  some  of  t^ 
attaining  the  size  of  trees.     In  this  respect  the  southern  shore 
New  Zealand  in  the  46th  degree  of  latitude  almost  vie  with  tro| 
islands.     Another  point  of  resemblance  between  the  Flora  of  I 
Zealand  and  that  of  the  ancient  carboniferous  period  is  the  preval 
of  the  fir  tribe  or  of  coniferous  wood. 

An  argument  of  some  weight  in  corroboration  of  the  theory  a) 
explained  respecting  the  geographical  condition  of  the  temperate 
arctic   latitudes  of  the  northern  hemisphere   in  the  carbonife 
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period  maj  also  be  derived  from  an  examination  of  those  groups  of 
atnta  which  immediately  preceded  the  coal.  The  fossils  of  the 
BeTonian  and  Silurian  strata  in  Europe  and  North  America  have 
led  to  the  conclusion,  that  thej  were  formed  for  the  most  part  in  deep 
seas,  far  from  land.  In  those  older  strata  land  plants  are  almost  as 
rare  as  thej  are  abundant  or  universal  in  the  coal  measures.  Those 
indent  deposits,  therefore,  may  be  supposed  to  have  belonged  to  an 
epoch  when  dry  land  had  only  just  b^un  to  be  upraised  from  the 
deep ;  a  theory  which  would  imply  the  existence  during  the  carbo- 
niferous epoch  of  islands,  instead  of  an  extensive  continent,  in  the  area 
where  the  coal  was  formed. 

Sach  a  state  of  things  prevailing  in  the  north,  from  the  pole  to  the 
30th  parallel  of  latitude,  if  not  neutralized  by  circumstances  of  a 
eootrary  tendency  in  corresponding  regions  south  of  the  line,  would 
give  rise  to  a  general  warmth  and  uniformity  of  climate  throughout 
the  globe. 

Changes  in  physical  geography  between  the  formation  of  the  car- 
hmferous  strata  and  the  chalk, — We  have  evidence  in  England  that 
the  strata  of  the  ancient  carboniferous  group,  ahready  adverted  to, 
were,  in  many  instances,  fractured  and  contorted,  and  often  thrown 
into  a  vertical  position,  before  the  deposition  of  some  even  of  the  oldest 
bown  secondary  rocks,  such  as  the  new  red  sandstone. 

Fragments  of  the  older  formations  are  sometimes  included  in  the 
conglomerates  of  the  more  modern ;  and  some  of  these  fragments 
ttill  retain  their  fossil  shells  and  corals,  so  as  to  enable  us  to  de- 
termine the  parent  rocks  from  whence  they  were  derived.     There 
^  other  proofs  of  the  disturbance  at  successive  epochs  of  different 
Moondary  rocks  before   the   deposition  of  others ;  and  satisfactory 
^dence  that,  during  these  reiterated  convulsions,  the  geographical 
fcitores  of  the  northern  hemisphere  were  frequently  modified,  and 
that  from  time  to  time  new  lands  emerged  from  the  deep.     The 
vegetation,  during  some  parts  of  the  period  in  question  (from  the 
hi  to  the  chalk  inclusive),  when  genera  allied  to  Cycas  and  Zamia 
Were  abundant,  appears  to  have  approached  to  that  of  the  larger 
ichuids  of  the  equatorial  zone ;  such,  for  example,  as  we  now  find  in 
the  West  Indian  archipelago.*     These  islands  appear  to  have  been 
Irained  by  rivers  of  considerable  size,  which  were  inhabited  by  cro- 
sodiles  and  gigantic  oviparous  reptiles,  both  herbivorous  and  car- 
dvorous,  belonging  for   the  most  part  to  extinct  genera.     Of  the 
ootemporary  inhabitants  of  the  land  we  have  as  yet  acquired  but 
canty  information,  but  we  know  that  there  were  flying  reptiles,  in- 
sets, and  small  mammifers,  allied  to  the  marsupial  tribes. 
A  freshwater  deposit,  called  the  Wealden,  occurs  in  the  upper  part 
f  the  secondary  series  of  the  south  of  England,  which,  by  its  extent 
od  fossils,  attests  the  existence  in  that  region  of  a  large  river 
raining  a  continent  or  island  of  considerable  dimensions.     We  know 

*  Ad.  Brongniart,  Consid.  G^neralefl  snr  la  Nat  de  la  Veg^t.  &c,  Ann.  des  Sci. 
fat,  Nov.  1828. 
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that  this  land  was  clothed  with  wood,  and  inhahited  by  higj 
terrestrial  reptiles  and  birds.  Its  position  so  far  to  the  north  i 
the  counties  of  Surrej  and  Sussex,  at  a  time  when  the  mean  Mi 
perature  of  the  climate  is  supposed  to  have  been  much  hotter  than  M 
present,  may  at  first  sight  appear  inconsistent  with  the  theory  bef<ii( 
explained,  that  the  heat  was  caused  by  the  gathering  together  of  d 
the  great  masses  of  land  in  low  latitudes,  while  the  northern  regiofll 
were  almost  entirely  sea.  But  it  must  not  be  taken  for  granted  tlMj 
the  geographical  conditions  already  described  (p.  109.,  and  fig.  I 
p.  111.)  as  capable  of  producing  the  extreme  of  heat  were  erer  cov 
bined  at  any  geological  period  of  which  we  have  as  yet  obtaind 
information.  It  is  more  probable,  from  what  has  been  stated  in  dM 
preceding  chapters,  that  a  slight  approximation  to  such; an  extrew 
state  of  things  would  be  sufficient ;  in  other  words^  if  most  of  the  di] 
land  were  tropical,  and  scarcely  any  of  it  arctic  or  antarctic,  a  prodI 
gious  elevation  of  temperature  must  ensue,  even  though  a  part  € 
some  continents  should  penetrate  far  into  the  temperate  zones. 

Changes  during  the  tertiary  periods, — The  secondary  and  tertitf 
formations  of  Europe,  when  considered  separately,  may  be  contrasta 
as  having  very  different  characters ;  the  secondary  appearing  to  hai 
been  deposited  in  open  seas,   the   tertiary  in  regions  where  di 
land,  lakes,  bays,  and  perhaps  inland  seas,  abounded.     The  secondai 
series  is   almost  exclusively  marine ;  the  tertiary,  even  the  oldc 
part,  contains  lacustrine  strata,  and  not  unfrequently  freshwater  ai 
marine  beds   alternating.     In   fact,  there  is  evidence  of  importtJ 
geographical  changes  having  occurred  between  the  deposition  of  tJ 
cretaceous  system,  or  uppermost  of  the  secondary  series,  and  that 
the  oldest  tertiary  group,  and  still  more  between  the  era  of  the  latt 
and  that  of  the  newer  tertiary  formations.     This   change   in  t 
physical  geography  of  Europe  and  North  America  was  accompani 
by  an  alteration  no  less  remarkable  in  organic  life,  scarcely  any  spec 
being  common  both  to  the  secondary  and  tertiary  rocks,   and  t 
fossils  of  the  latter  affording  evidence  of  a  different  climate. 

On  the  other  hand,  when  we  compare  the  tertiary  formations 
successive  ages,  we  trace  a  gradual  approximation  in  the  imbeds 
fossils,  from  an  assemblage  in  which  extinct  species  predominate, 
one  where  the  species  agree  for  the  most  part  with  those  now  exi 
ing.     In  other  words,  we  find  a  gradual  increase  of  animals  t 
plants  fitted  for  our  present  climates,  in  proportion  as  the  str 
which  we  examine  are  more  modern.     Now,  during  all  these  8 
cessive  tertiary  periods,  there  are  signs  of  a  great  increase  of  land 
European  and  North  American  latitudes.     By  reference  to  the  i 
(PI.  1.).  and  its  description,  p.  121.,  the  reader  will  see  that  ab 
two  thirds  of  the  present  European  lands  have  emerged  since 
earliest  tertiary  group  originated.     Nor  is  this  the  only  revolul 
which  the  same  region  has  undergone  within  the  period  alluded 
some  tracts  which  were  previously  land  having  gained  in  altiti 
others,  on  the  contrary,  having  sunk  below  their  former  level. 

That  the  existing  lands  were  not  all  upheaved  at  once  into  tl 
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present  poeition  is  proved  by  the  most  striking  evidence.  Several 
Italian  geologists,  even  before  the  time  of  Brocchi,  had  jnstlj  inferred 
that  the  Apennines  were  elevated  several  thousand  feet  above  the 
lerel  of  the  Mediterranean  before  the  deposition  of  the  modem  Sub- 
apennine  beds  which  flank  them  on  either  side.  What  now  consti- 
tutes the  central  calcareous  chain  of  the  Apennines  must  for  a  long 
time  have  been  a  narrow  ridgj  peninsula,  branching  off,  at  its  northern 
extremity,  from  the  Alps  near  Savona.  This  peninsula  has  since 
been  raised  from  one  to  two  thousand  feet,  bj  which  movement  the 
andent  shores,  and,  for  a  certain  extent,  the  bed  of  the  contiguous 
sea,  have  been  laid  dry,  both  on  the  side  of  the  Mediterranean  and 
the  Adriatic 

The  nature  of  these  vicissitudes  will  be  explained  by  the  accom- 
panjing  diagram,  which  represents  a  transverse  section  across  the 
ItaUan  peninsula.    The  inclined  strata  A  are  the  disturbed  formations 


Fig.  7. 
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of  the  Apennines  into  which  the  ancient  igneous  rocks  a  are  supposed 
to  have  intruded  themselves.     At  a  lower  level  on  each  flank  of  the 
chain  are  the  more  recent  shelly  beds  h  A,  which  often  contain 
founded  pebbles  derived  from  the  waste  of  contiguous  parts  of  the 
older  Apennine  limestone*     These,  it  will  be  seen,  are  horizontal, 
and  lie  in  what  is  termed  ''  unconformable  stratification ''  on  the  more 
indent  series.     They  now  constitute  a  line  of  hills  of  moderate  ele- 
vation between  the  sea  and  the  Apennines,  but  never  penetrate  to 
the  higher  and  more  ancient  valleys  of  that  chain. 

The  same  phenomena  are  exhibited  in  the  Alps  on  a  much  grander 
scale ;  those  mountains  being  composed  in  some  even  of  their  higher 
regions  of  the  newer  secondary  and  oldest  tertiary  formations,  while 
they  are  encircled  by  a  great  zone  of  more  modem  tertiary  rocks 
both  on  their  southern  flank  towards  the  plains  of  the  Po^  and  on  the 
side  of  Switzerland  and  Austria,  and  at  their  eastern  termination 
towards  Styria  and  Hungary.*  This  newer  tertiary  zone  marks  the 
position  of  former  seas  or  gulfs,  like  the  Adriatic,  wherein  masses  of 
strata  accumulated,  some  single  groups  of  which  are  not  inferior  in 
thickness  to  the  most  voluminous  of  our  secondary  formations  in 
England.  Some  even  of  these  newer  groups  have  been  raised  to  the 
hdght  of  three  or  four  thousand  feet,  and  in  proportion  to  their 
antiquity,  they  generally  rise  tp  greater  heights,  the  older  of  them 
forming  interior  zones  nearest  to  the  central  ridges  of  the  Alps.    We 


*  See  a  Mf™^**  on  the  Alps,  by  Fro-    Trans,  of  GeoL  Soc.  second  ser.  vol  iii., 
Sedgwick  and  Sir  Bod.  Mnrchison,    accompanied  by  a  map. 
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have  already  ascertained  that  the  Alps  gained  accessions  p 
height  and  width  at  several  successive  periods,  and  that  the  lai 
of  movements  occurred  when  the  seas  were  inhabited  bj  many  4 
species  of  animals. 

We  may  imagine  some  future  series  of  convulsions  once  a 
heave  up  this  stupendous  chain,  together  with  the  adjoining 
the  sea,  so  that  the  mountains  of  Europe  may  rival  the  Ai 
elevation;  in  which  case  the  deltas  of  the  Po,  Adige,  and  1 
now  encroaching  upon  the  Adriatic,  might  be  uplifted  so  as  t 
another  exterior  belt  of  considerable  height  around  the  southn 
flank  of  the  Alps. 

The  Pyrenees,  also,  have  acquired  their  present  altitude,  wl 
Mont  Perdu  exceeds  eleven  thousand  feet,  since  the  deposition 
nummulitic  or  Ek>cene  division  of  the  tertiary  series.  Some  < 
tertiary  strata  at  the  base  of  the  chain  are  raised  to  the  height 
a  few  hundred  feet  above  the  sea,  and  retain  a  horizontal  pi 
without  partaking  in  general  in  the  disturbances  to  which  th 
series  has  been  subjected  ;  so  that  the  great  barrier  between 
and  Spain  was  almost  entirely  upheaved  in  the  interval  betwc 
deposition  of  certain  groups  of  tertiary  strata. 

The  remarkable  break  between  the  most  modern  of  the 
secondary  rocks  and  the  oldest  tertiary,  may  be  apparent  onl 
ascribable  to  the  present  deficiency  of  our  inforraation.  Alrei 
marles  and  green  sand  of  Heers  near  Tongres,  in  Belgium,  obsei 
M.  Dumont,  and  the  "  pisolitic  limestone  '*  of  the  neighbourl 
Paris,  both  intermediate  in  age  between  the  Maestricht  chalk  i 
lower  Eocene  strata,  begin  to  afford  us  signs  of  a  passage  fromoi 
of  things  to  another.  Nevertheless,  it  is  far  from  impossible  t 
interval  between  the  chalk  and  tertiary  formations  constituted 
in  the  earth's  history,  when  the  transition  from  one  class  of  < 
beings  to  another  was,  comparatively  speaking,  rapid.  For 
doctrines  above  explained  in  regard  to  vicissitudes  of  temperal 
sound,  it  will  follow  that  changes  of  equal  magnitude  in  the  | 
phical  features  of  the  globe  may  at  different  periods  prodm 
unequal  effects  on  climate ;  and,  so  far  as  the  existence  of 
animals  and  plants  depends  on  climate,  the  duration  of  speciej 
be  shortened  or  protracted,  according  to  the  rate  at  which  the 
of  temperature  proceeded. 

For  even  if  we  assume  that  the  intensity  of  the  subterran< 
turbing  forces  is  uniform  and  capable  of  producing  nearl; 
amounts  of  alteration  on  the  surface  of  the  planet,  during 
periods  of  time,  still  tlic  rate  of  alteration  in  climate  would  b 
means  uniform.  Let  us  imagine  the  quantity  of  land  betwt 
equator  and  the  tropic  in  one  hemisphere  to  be  to  that  in  the  i 
thirteen  to  one,  which,  as  before  stated,  represents  the  unequ 
portion  of  the  extra-tropical  lands  in  the  two  hemispheres  at  ] 
(See  figs.  3  and  4.  p.  1 10.)  Then  let  the  first  geographical  change 
in  the  shifting  of  this  preponderance  of  land  from  one  side  of  th« 
the  other;  from  the  southern  hemisphere,  for  example,  to  the  nc 
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7  this  need  not  affect  the  general  temperature  of  the  earth.  But  if, 
nother  epoch,  we  suppose  a  continuance  of  the  same  agency  to 
sfer  an  equal  volume  of  land  from  the  torrid  zone  to  the  tem- 
te  and  arctic  regions  of  the  northern  and  southern  hemispheres, 
ito  one  of  them,  there  might  be  so  great  a  refrigeration  of  the 
D  temperature  in  all  latitudes,  that  scarcely  any  of  the  pre- 
ting  races  of  animals  would  survive ;  and,  unless  it  pleased  the 
hor  of  Nature  that  the  planet  should  be  uninhabited,  new  species, 
probably  of  widely  different  forms,  would  then  be  substituted  in 
room  of  the  extinct.  We  ought  not,  therefore,  to  infer  that  equal 
9d«  of  time  are  always  attended  by  an  equal  amount  of  change  in 
iiic  life,  since  a  great  fluctuation  in  the  mean  temperature  of  the 
if  the  most  influential  cause  which  can  be  conceived  in  exter- 
iting  whole  races  of  animals  and  plants,  must,  in  different  epochs, 
ire  unequal  portions  of  time  for  its  completion. 

■  L  Map  thowing  the  extent  of  surface  in  Europe  which  has  at  one  period 
mmeiker  been  covered  by  the  sea  since  the  commencement  of  the  deposition  of  the 
Ir  m  Eocene  Tertiary  strata, 

\  map  will  enable  the  reader  to  perceive  at  a  glance  the  great 
it  of  change  in  the  physical  geography  of  Europe,  which  can  be 
ed  to  have  taken  place  since  some  of  the  older  tertiary  strata 
n  to  be  deposited.  The  proofs  of  submergence,  during  some  part 
her  of  this  period,  in  all  the  districts  distinguished  by  ruled  lines, 
3f  a  most  unequivocal  character ;  for  the  area  thus  described  is 

covered  by  deposits  containing  the  fossil  remains  of  animals 
h  eoiild  only  have  lived  in  salt  water.  The  most  ancient  part  of 
period  referred  to  cannot  be  deemed  very  remote,  considered 
igicallj ;  because  the  deposits  of  the  Paris  and  London  basins, 
many  other  districts  belonging  to  the  older  tertiary  epoch,  are 
!r  than  the  greater  part  of  the  sedimentary  rocks  (those  com- 
\j  called  secondary  and  primary  fossiliferous  or  paleozoic)  of 
li  the  crust  of  the  globe  is  composed.  The  species,  moreover, 
larine  testacea,  of  which  the  remains  are  found  in  these  older 
iry  formations,  are  not  entirely  distinct  from  such  as  now  live. 

notwithstanding  the  comparatively  recent  epoch  to  which  this 
lepect  is  carried,  the  variations  in  the  distribution  of  land  and 
lepicted  on  the  map  form  only  a  part  of  those  which  must  have 
1  place  during  the  period  under  consideration.  Some  approxi- 
im  has  merely  been  made  to  an  estimate  of  the  amount  of  sea 
eried  into  land  in  parts  of  Europe  best  known  to  geologists ;  but 
innot  determine  how  much  land  has  become  sea  during  the  same 
id ;  and  there  may  have  been  repeated  interchanges  of  land  and 
r  in  tlie  same  places,  changes  of  which  no  account  is  taken  in  the 

and  respecting  the  amount  of  which  little  accurate  information 
srer  be  obtained. 

hare  extended  the  sea  in  some  instances  beyond  the  limits  of 
and  now  covered  by  tertiary  formations,  and  marine  drift,  because 
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Other  geological  data  have  been  obtained  for  inferring  the  submer- 
gence of  these  tracts  after  the  deposition  of  the  Eocene  strata  had 
begun.  Thus,  for  example,  there  are  good  reasons  for  concluding 
that  part  of  the  chalk  of  England  (the  North  and  South  Downs,  for 
example,  together  with  the  intervening  secondary  tracts)  continued 
beneath  the  sea  until  the  oldest  tertiary  beds  had  b^un  to  accu- 
mulate. 

A  strait  of  the  sea  separating  England  and  Wales  has  also  been 
introduced,  on  the  evidence  afforded  bj  shells  of  existing  species 
found  in  a  deposit  of  gravel,  sand,  loam,  and  clay,  called  the  northern 
drift,  by  Sir  R.  Murchison.*  And  Mr.  Trimmer  has  discovered  similar 
recent  marine  shells  on  the  northern  coast  of  North  Wales,  and  on 
Mod  Tryfane,  near  the  Menai  Straits,  at  the  height  of  1392  feet  above 
the  level  of  the  sea ! 

Some  raised  sea-beaches,  and  drift  containing  marine  shells,  whidi 
I  examined  in  1843,  between  Limerick  and  Dublin,  and  which  have 
been  traced  over  other  parts  of  Ireland  by  different  geologists,  have 
required  an  extension  of  the  dark  lines  so  as  to  divide  that  island  into 
several.  In  improving  this  part  of  my  map  I  have  been  espedally 
indebted  to  the  assistance  of  Mr.  Oldham,  who  in  1843  announced  to 
the  British  Association  at  Cork  the  fact  that  at  the  period  when  the 
drift  or  glacial  beds  were  deposited,  Ireland  must  have  formed  an 
archipelago  such  as  is  here  depicted.  A  considerable  part  of  Scotland 
might  also  have  been  represented  in  a  similar  manner  as  under  water 
when  the  drift  originated. 

A  portion  of  Brittany  is  divided  into  islands,  because  it  is  known  to 
be  covered  with  patches  of  marine  tertiary  strata  chiefly  miocene. 
When  I  examined  these  in  1830  and  1843, 1  convinced  myself  that  the 
sea  must  have  covered  much  larger  areas  than  are  now  occupied  by 
these  small  and  detached  deposits.  The  former  connection  of  the 
White  Sea  and  the  Gulf  of  Finland  is  proved  by  the  fact  that  a 
multitude  of  huge  erratic  blocks  extend  over  the  intervening  space, 
and  a  large  portion  of  Norway,  Sweden,  and  Denmark,  as  well  as 
Grermany  and  Russia,  are  represented  as  sea,  on  the  same  evidence, 
strengthened  by  the  actual  occurrence  of  fossil  sea- shells,  of  recent 
species,  in  the  drift  of  various  portions  of  those  countries.  The  sub- 
mergence of  considerable  areas  under  large  bodies  of  fresh  water, 
during  the  tertiary  period,  of  which  there  are  many  striking  geolo- 
gical proofs  in  Auvergne,  and  elsewhere,  has  not  been  expressed  by 
ruled  lines.  They  bear  testimony  to  the  former  existence  of  neigh- 
bouring lands,  and  a  certain  elevation  of  the  areas  where  they  occur 
above  the  level  of  the  ocean ;  they  are  therefore  left  blank,  together 
with  all  the  space  that  cannot  be  demonstrated  to  have  been  part  of 
the  sea  at  some  time  or  other,  since  the  commencement  of  the  Eoeene 
epoch. 

In  compiling  this  map,  which  has  been  entirely  recast  since  the 
first  edition,  I  have  availed  myself  of  the  latest  geological  maps  of  tb€ 

♦  Sec  Proceedings  of  Geol  Soc.  vol  ii.  p.  334. 
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British  isles,  and  north  of  Europe ;  also  of  those  published  by  the 
goyemment  surveyors  of  France,  MM.  de  Beaumont  and  Dufresnoy ; 
the  map  of  Grermany  and  part  of  Europe,  by  Yon  Dechen,  and  that  of 
Italy  by  M.  Tchihatchoff  (Berlin,  1842).  Lastly,  Sir  R.  Murchison's 
important  map  of  Russia,  and  the  adjoining  countries,  has  enabled  me 
to  mark  out  not  only  a  considerable  area,  previously  little  known,  in 
which  tertiary  formations  occur ;  but  also  a  still  wider  expanse,  over 
which  the  northern  drift,  and  erratic  blocks  with  occasional  marine 
shells,  are  traceable.  The  southern  limits  of  these  glacial  deposits  in 
Russia  and  Germany  indicate  the  boundary,  so  far  as  we  can  now  de- 
termine it,  of  the  northern  ocean,  at  a  period  immediately  antecedent 
to  that  of  the  human  race. 

I  was  anxious,  even  in  the  title  of  this  map,  to  guard  the  reader 
against  the  supposition  that  it  was  intended  to  represent  the  state  of 
the  physical  geography  of  part  of  Europe  at  any  one  point  of  time. 
The  difficulty,  or  rather  the  impostjplity,  of  restoring  the  geography 
of  the  globe  as  it  may  have  existed  at  any  former  period,  especially  a 
remote  one,  consists  in  this,  that  we  can  only  point  out  wherd  part  of 
the  sea  has  been  turned  into  land,  and  are  almost  always  unable  to 
determine  what  land  may  have  become  sea.  All  maps,  therefore,  pre- 
tending to  represent  the  geography  of  remote  geological  epochs  must 
be  ideaL  The  map  under  consideration  is  not  a  restoration  of  a  former 
state  of  things,  at  any  particular  moment  of  time,  but  a  synoptical 
view  of  a  certain  amount  of  one  kind  of  change  (the  conversion  of 
sea  into  land)  known  to  have  been  brought  about  within  a  given 
period. 

It  may  be  proper  to  remark  that  the  vertical  movements  to  which 
the  land  is  subject  in  certain  regions,  occasion  alternately  the  sub- 
sidence and  the  uprising  of  the  surface ;  and  that,  by  such  oscilla- 
tions at  successive  periods,  a  great  area  may  have  been  entirely 
covered  with  marine  deposits,  although  the  whole  may  never  have 
been  beneath  the  waters  at  one  time ;  nay,  even  though  the  relative 
proportion  of  land  and  sea  may  have  continued  unaltered  throughout 
the  whole  period.  I  believe,  however,  that  since  the  commencement 
of  the  tertiary  period,  the  dry  land  in  the  northern  hemisphere  has 
been  continually  on  the  increase,  both  because  it  is  now  greatly  in 
excess  beyond  the  average  proportion  which  land  generally  bears  to 
water  on  the  globe,  and  because  a  comparison  of  the  secondary  and 
tertiary  strata  affords  indications,  as  I  have  already  shown,  of  a  passage 
from  the  condition  of  an  oceai)  interspersed  with  islands  to  that  of  a 
large  continent. 

Bat  supposing  it  were  possible-  to  represent  all  the  vicissitudes 
in  the  distribution  of  land  and  sea  that  have  occurred  during  the 
tertiary  period,  and  to  exhibit  not  only  the  actual  existence  of  land 
where  there  was  once  sea,  but  also  the  extent  of  surface  now  submerged 
which  may  once  have  been  land,  the  map  would  still  fail  to  express 
an  the  important  revolutions  in  physical  geography  which  have 
taken  place  within  the  epoch  under  consideration.  For  the  oscillations 
of  lerdy  as  was  before  stated,  have  not  merely  been  such  as  to  lift  ui^ 
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the  land  from  below  the  water,  but  in  some  cases  to  occasion  a  rise 
of  many  thousand  feet  above  the  sea.  Thus  the  Alps  have  acquired 
an  additional  altitude  of  4000,  and  even  in  some  places  10,000  feet ; 
and  the  Apennines  owe  a  considerable  part  of  their  present  height 
to  subterranean  convulsions  which  have  happened  within  the  tertiaij 
epoch. 

On  the  other  hand,  some  mountain  chains  may  have  been  lowered 
during  the  same  series  of  ages,  in  an  equal  degree,  and  shoals  maj 
have  been  converted  into  deep  abysses.*  Since  this  map  was  recast 
in  1847,  geologists  have  very  generally  come  to  the  conclusion  that 
the  nummulitic  limestone,  together  with  the  overlying  fucoidal  grit 
and  shale,  called  "  Flysch,'*  in  the  Alps,  belongs  to  the  older  tertiary  or 
Eocene  group.  As  these  nummulitic  rocks  enter  into  the  structure  of 
some  of  the  most  lofty  and  disturbed  parts  of  the  Alps,  Apennines, 
Carpathians,  Pyrenees,  and  other  mountain  chains,  and  form  many  of 
the  elevated  lands  of  Africa  and  Asia,  their  position  almost  implies  the 
ubiquity  of  the  post-Eocene  ocean,  not,  indeed,  by  the  simultane- 
ous, but*  by  the  successive,  occupancy  of  the  whole  ground  by  its 

waters.t 

Concluding  remarks  on  changes  in  physical  geography.  —  The 
foregoing  observations,  it  may  be  said,  are  confined  chiefly  to  Europe^ 
and  therefore  merely  establish  the  increase  of  dry  land  in  a  space 
which  constitutes  but  a  small  portion  of  the  northern  hemisphere;  but 
it  was  stated  in  the  preceding  chapter,  that  the  great  Lowland  of 
Siberia,  lying  chiefly  between  the  latitudes  55°  and  75°  N.  (an  area 
nearly  equal  to  all  Europe),  is  covered  for  the  most  part  by  marine 
strata,  which,  from  the  account  given  by  Pallas,  and  more  recently  by 
Sir  R.  IMurchison,  belongs  to  a  period  when  all  or  nearly  all  the  shells 
were  of  a  species  still  living  in  the  north.  The  emergence,  therefore, 
of  this  area  from  the  deep  is,  comparatively  speaking,  a  very  modern 
event,  and  must,  as  before  remarked,  have  caused  a  great  increase  of 
cold  throughout  the  globe. 

Upon  a  review,  then,  of  all  the  facts  above  enumerated,  respecting 
the  ancient  geography  of  the  globe  as  attested  by  geological  monu- 
ments, there  appear  good  grounds  for  inferring  that  changes  of 
climate  coincided  with  remarkable  revolutions  in  the  former  position 
of  sea  and  land.  A  wide  expanse  of  ocean,  interspersed  with  islands, 
seems  to  have  pervaded  the  northern  hemisphere  at  the  periods  when 
the  Silurian  and  carboniferous  rocks  were  formed,  and  a  warm  and 
very  uniform  temperature  then  prevailed.  Subsequent  modiflcations 
in  climate  accompanied  the  deposition  of  the  secondary  formations, 
when  repeated  changes  were  effected  in  the  physical  geography  of  our 
northern  latitudes.     Lastly,  the  refrigeration  became  most  decided, 

•  It  may  be  ol>scrve(l,  that  the  facts  plants  and  the  gradual    extincticm  of 

and  inferences  exhibited  in  this  map  bwir  siK'cics. 

not  merely  on  the  theory  of  climate  above  f  See  Sir  li.  Murchison's  Paper  <Mi  the 

proi>oscd,  but  scr\'e  also  to  ilhistrate  the  Alps,  Quart.  Jouni.  Geol.  See.  vol.  v. ; 

views  explained  in  the  third  l>ook  re-  and  my  Anniversary  Ad<lres8  for  1850^ 

spcctiug  the  migrations  of  animals  and  ibid.  vol.  vi. 


Ch.  VIII.]        AND  CLI3IATE   CONTEMPORANEOUS.  125 

and  the  climate  most  nearly  assimilated  to  that  now  enjoyed,  when 
the  lands  in  Europe  and  northern  Asia  had  attained  their  full  exten- 
sion,  and  the  mountain  chains  their  actual  height. 

Soon  after  the  first  publication  of  this  theory  of  climate,  an  objec- 
tion was  made  by  an  anonymous  German  critic  in  1833  that  there 
are  no  geological  proofs  of  the  prevalence  at  any  former  period  of 
a  temperature  lower  than  that  now  enjoyed ;  whereas,  if  the  causes 
above  assigned  were  the  true  ones,  it  might  reasonably  have  been 
expected  that  fossil  remains  would  sometimes  indicate  colder  as  well 
as  hotter  climates  than  those  now  established.*  In  answer  to  this 
objection,  I  may  suggest,  that  our  present  climates  are  probably  far 
more  distant  from  the  extreme  of  possible  heat  than  from  its  opposite 
extreme  of  cold.  A  glance  at  the  map  (fig.  6.  p.  1 11.)  will  show  that 
all  the  existing  lands  might  be  placed  between  the  30th  parallels  of 
latitude  on  each  side  of  the  equator,  and  that  even  then  they  would 
by  no  means  fill  that  space.  In  no  other  position  would  they  give 
rise  to  so  high  a  temperature.  But  the  present  geographical  con- 
dition of  the  earth  is  so  far  removed  from  such  a  state  of  things, 
that  the  land  lying  between  the  poles  and  the  parallels  of  30,  is  in 
great  excess ;  so  much  so  that,  instead  of  being  to  the  sea  in  the 
proportion  of  1  to  S,  which  is  as  near  as  possible  the  average  general 
ratio  throughout  the  globe,  it  is  9  to  23.t  Hence  it  ought  not  to 
surprise  us  if,  in  our  geological  retrospect,  embracing  perhaps  a 
small  part  only  of  a  complete  cycle  of  change  in  the  terrestrial 
climates,  we  should  happen  to  discover  every  where  the  signs  of  a 
higher  temperature.  The  strata  hitherto  examined  may  have  ori- 
ginated when  the  quantity  of  equatorial  land  was  always  decreasing 
and  the  land  in  regions  nearer  the  poles  augmenting  in  height  and 
area,  until  at  length  it  attained  its  present  excess  in  high  latitudes. 
There  is  nothing  improbable  in  supposing  that  the  geographical 
revolutions  of  which  we  have  hitherto  obtained  proofs  had  this 
general  tendency ;  and  in  that  case  the  refrigeration  must  have  been 
constant,  although,  for  reasons  before  explained,  the  rate  of  cooling 
may  not  have  been  uniform. 

It  may,  however,  be  as  well  to  recall  the  reader's  attention  to  what 
was  before  said  of  the  indication  brought  to  light  of  late  years,  of  a 
considerable  oscillation  of  temperature,  in  the  period  immediately 
preceding  the  human  era.  We  have  seen  that  on  examining  some  of 
the  most  northern  deposits,  those  commonly  called  the  northern  drift 

*  Aflgemeine  lateratur  Zeitung,  No.  the  surface  of  the  globe  are  148,522,000, 

rxTXiT.     July,  1833.  the   part  occupied  by  the    sea    being 

t  In  this  estmiate,  the  space  within  11 0,849,000,  and  that  byland,  37,673,000; 

the  antarctic  circle  is  nut  taken  into  ac-  so  that  the  land  is  very  nearly  to  the  sea 

conmt:  ifincluded,  it  would  probably  a  Id  as  1  part  in  4.     I  am  informed  by  Mr. 

to  the  excess  of  dry  land  :  for  the  late  Gardner  that,  according  to  a  rough  ap- 

discoTeries  of  Capt  Sir  James  Boss,  who  proximation,  the  land  between  the  30^ 

penetrated  to  lat.  78^  lO'  S.,  confirm  the  N.  lat.  and  the  pole  occupies  a  space 

coojectare  of  Captain  Cook  that  the  ac-  about  equal  to  that  of  the  mo,  and  the 

evmulation  of  antarctic  ice  implies  the  land  b^een  the  SQP  S.  hit.  and  the 

presence  of  a  certain  quantity  of  terra  antarctic  circle  about  |^  of  that  zone 
fiima.    The  nomber  of  square  miles  on 
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in  Scotland,  Ireland,  and  Canada,  in  which  nearly  all,  in  some  m 
perhaps  all,  the  fossil  shells  are  of  recent  species,  we  discover 
signs  of  a  climate  colder  than  that  now  prevuling  in  correspoM 
latitudes  on  both  sides  the  Atlantic.  It  appears  that  an  arctic  li 
specificallj  resembling  that  of  the  present  seas,  extended  fartbi 
the  south  than  now.  This  opinion  is  derived  partly  from  the  ka 
habitations  of  the  corresponding  living  species,  and  partly  from 
abundance  of  certain  genera  of  shells  and  the  absence  of  othi 
The  date  of  the  refrigeration  thus  inferred  appears  to  coincide  ^ 
nearly  with  the  era  of  the  dispersion  of  erratic  blocks  over  Em 
and  North  America,  a  phenomenon  which  will  be  ascribed  ia 
sequel  (ch.  16.),  to  the  cold  then  prevailing  in  the  northern  hi 
sphere.  The  force,  moreover,  of  the  German  critic's  objectioa 
been  since  in  a  great  measure  destroyed,  by  the  larger  and  i 
profound  knowledge  acquired  in  the  last  few  years  of  the  anc 
carboniferous  flora,  which  has  led  the  ablest  botanists  to  adopt 
opinion,  that  the  climate  of  the  coal  period  was  remarkable  fa 
warmth,  moisture,  equability,  and  freedom  from  cold,  rather  thu 
intensity  of  its  tropical  heat.  We  are  therefore  no  longer  entitb 
assume  that  there  has  been  a  constant  and  gradual  decline  ill 
absolute  amount  of  heat  formerly  contained  in  the  atmosphere 
waters  of  the  ocean,  such  as  it  was  conjectured  might  have  emaa 
from  the  incandescent  central  nucleus  of  a  new  and  nearly  l 
planet,  before  the  interior  had  lost,  by  radiation  into  surroum 
space,  a  great  part  of  its  original  high  temperature. 

Astronomical  causes  of  fluctuations  in  climate.  —  Sir  John  Hen 
has  lately  inquired,  whether  there  are  any  astronomical  causes  w 
may  offer  a  possible  explanation  of  the  difference  between  the  ac 
climate  of  the  earth's  surface,  and  those  which  formerly  appea 
have  prevailed.  He  has  entered  upon  this  subject,  he  says,  *' 
pressed  with  the  magnificence  of  that  view  of  geological  revoluti 
which  regards  them  rather  as  regular  and  necessary  effects  of  g 
and  general  causes,  than  as  resulting  from  a  series  of  convulsions 
catastrophes,  regulated  by  no  laws,  and  reducible  to  no  fixed  ( 
ciples."  Geometers,  he  adds,  have  demonstrated  the  absolute  ii 
riability  of  the  mean  distance  of  the  earth  from  the  sun ;  when< 
would  at  first  seem  to  follow,  that  the  mean  annual  supply  of  1 
and  heat  derived  from  that  luminary  would  be  alike  invariable : 
a  closer  consideration  of  the  subject  will  show,  that  this  would  no 
a  legitimate  conclusion ;  but  that  on  the  contrary,  the  mean  anM 
of  solar  radiation  is  dependent  on  the  excentricity  of  the  earth's  a 
and  therefore  liable  to  variation.^ 

*  See  iMi]>cr8  by  Mr.  Smith  of  Jordan-  inversely  pr(>]>orti()nnl  to  the  minor 

hill,  F.G.S.,  and  the  autlior,l*roecc(linps  of  the   orbit.     The   major  axis  ii 

Ge<)l.  Sue.  No.  63.,  1839,  also  that  of  variul»le,  and  therefore,  of  courMi 

Prof.  K  Forbes,  Wforc  cited, p.  86.  note,  absolute  lenji:th  of  the  year:  ben* 

t  The  theorem  is  thns  stated  : — "  The  follows  that  the  mean  annual  arerij 

excentricity  of  the  orbit  varyinp,   the  heat  will  also  he  in  the  same  in 

total  (quantity  of  heat  received  by  iho  ratio  of  the  minor  axis." — GeuL  T 

earth  from  the  sun  iu  one  rcvolutiou  is  second  series,  vol.  ill.  p.  295. 


CH.VIIL]  CHANGES  IN  CLIMATE.  127 

Now  the  eccentricitj  of  the  orbit,  he  continues,  is  actuallj  dimi- 
nishing, and  has  been  so  for  ages  beyond  the  records  of  history.  In 
consequence,  the  ellipse  is  in  a  state  of  approach  to  a  circle,  and  the 
annual  average  of  solar  heat  radiated  to  the  earth  is  actually  on  the 
decrease.  So  far  this  is  in  accordance  with  geological  evidence, 
which  indicates  a  general  refrigeration  of  climate ;  but  the  question 
remains,  whether  the  amount  of  diminution  which  the  eccentricity 
may  have  ever  undergone  can  be  supposed  sufficient  to  account  for 
any  sensible  refrigeration.  The  calculations  necessary  to  determine 
this  point,  though  practicable,  have  never  yet  been  made,  and  would 
be  extremely  laborious ;  for  they  must  embrace  all  the  perturbations 
which  the  most  influential  planets,  Venus,  Mars,  Jupiter,  and  Saturn, 
would  cause  in  the  earth's  orbit,  and  in  each  other's  movements 
round  the  sun. 

The  problem  is  also  very  complicated,  inasmuch  as  it  depends  not 
merely  on  the  ellipticity  of  the  earth's  orbit,  but  on  the  assumed 
temperature  of  the  celestial  spaces  beyond  the  earth's  atmosphere ; 
a  matter  still  open  to  discussion,  and  on  which  M.  Fourier  and 
Sir  J.  Herschel  have  arrived  at  very  different  opinions.  But  if,  says 
Herschel,  we  suppose  an  extreme  case,  as  if  the  earth's  orbit  should 
ever  become  as  excentric  as  that  of  the  planet  Juno  or  Pallas,  a 
great  change  of  climate  might  be  conceived  to  result,  the  winter  and 
summer  temperatures  being  sometimes  mitigated,  and  at  others  ex- 
aggerated, in  the  same  latitudes. 

It  is  much  to  be  desired  that  the  calculations  alluded  to  were 
executed,  as  even  if  they  should  demonstrate,  as  M.  Arago  thinks 
highly  probable  *,  that  the  mean  amount  of  solar  radiation  can  never 
be  materially  affected  by  irregularities  in  the  earth's  motion,  it  would 
still  be  satisfactory  to  ascertain  the  point.  Such  inquiries,  however, 
can  never  supersede  the  necessity  of  investigating  the  consequences 
of  the  varying  position  of  continents,  shifted  as  we  know  them  to 
have  been  during  successive  epochs,  from  one  part  of  the  globe  to  the 
other. 

Another  astronomical  hypothesis  respecting  the  possible  cause  of 
secular  variations  in  climate,  has  been  proposed  by  a  distinguished 
mathematician  and  philosopher,  M.  Poisson.  He  begins  by  assuming 
1st,  that  the  sun  and  our  planetary  system  are  not  stationary,  but 
carried  onward  by  a  common  movement  through  space ;  2dly,  that 
every  point  in  space  receives  heat  as  well  as  light  from  innumerable 
stars  surrounding  it  on  all  sides,  so  that  if  a  right  line  of  indefinite 
length  be  produced  in  any  direction  from  such  point,  it  must  en- 
counter a  star  either  visible  or  invisible  to  us.  3dly,  He  then  goes 
on  to  assume,  that  the  different  regions  of  space,  which  in  the  course 
of  millions  of  years  are  traversed  by  our  system,  must  be  of  very 
unequal  temperature,  inasmuch  as  some  of  them  must  receive  a 
greater,  others  a  less,  quantity  of  radiant  heat  from  the  great  stellary 
indosure.    If  the  earth,  he  continues,  or  any  other  large  body,  pass 

*  Ann.  dn  Bar.  des  Long.  1834. 
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from  a  hotter  to  a  colder  region,  it  would  not  readilj  lose  in  the  >^ 
second  all  the  heat  which  it  has  imbibed  in  the  first  region,  bat .: 
retain  a  temperature  increasing  downwards  from  the  surface,  as  in  ' 
the  actual  condition  of  our  planet.* 

Now  the  opinion  originally  suggested  by  Sir  W.  Herschel,  that 
our  sun  and  its  attendant  planets  were  all  moving  onward  through 
space,  in  the  direction  of  the  constellation  Hercules,  is  very  gene- 
rally thought  by  eminent  astronomers  to  be  confirmed.  But  even  if 
its  reality  be  no  longer  matter  of  doubt,  conjectures  as  to  its  amount 
are  still  vague  and  uncertain ;  and  great,  indeed,  must  be  the  extent 
of  the  movement  before  this  cause  alone  can  work  any  material  alte^ 
ration  in  the  terrestrial  climates.  Mr.  Hopkins,  when  treating  <^ 
this  theory,  remarked,  that  so  far  as  we  are  acquainted  with  the 
position  of  stars  not  very  remote  from  the  sun,  they  seem  to  be  BO 
distant  from  each  other,  that  there  are  no  points  in  space  among  them, 
where  the  intensity  of  radiating  heat  would  be  comparable  to  that 
which  the  earth  derives  from  the  sun,  except  at  points  very  near  to 
each  star.  Thus,  in  order  that  the  earth  should  derive  a  degree  of 
heat  from  stellar  radiation  comparable  to  that  now  derived  from  the 
sun,  she  must  be  in  close  proximity  to  some  particular  star,  leaving 
the  aggregate  effect  of  radiation  from  the  other  stars  nearly  the  same 
as  at  present.  This  approximation,  however,  to  a  single  star  could 
not  take  place  consistently  with  the  preservation  of  the  motion  of  the 
earth  about  the  sun,  according  to  its  present  laws. 

Suppose  our  sun  should  approach  a  star  within  the  present  distance 
of  Neptune.  That  planet  could  no  longer  remain  a  member  of  the 
solar  system,  and  the  motions  of  the  other  planets  would  be  disturbed 
in  a  degree  which  no  one  has  ever  contemplated  as  probable  since  the 
existence  of  the  solar  system.  But  such  a  star,  supposing  it  to  be  no 
larger  than  the  sun,  and  to  emit  the  same  quantity  of  heat,  would 
not  send  to  the  earth  much  more  than  one-thousandth  part  of  the 
heat  which  she  derives  from  the  sun,  and  would  therefore  produce 
only  a  very  small  change  in  terrestrial  temperature.f 

Variable  splendour  of  stars,  —  There  is  still  another  astronomical 
suggestion  respecting  the  possible  causes  of  secular  variations  in  the 
terrestrial  climates  which  deserves  notice.  It  has  long  been  known 
that  certain  stars  are  liable  to  great  and  periodical  fiuctuations  in 
splendour,  and  Sir  J.  Herschel  has  lately  ascertained  (Jan.  1840), 
that  a  large  and  brilliant  star,  called  alpha  Orionis,  sustained,  in  the 
course  of  six  weeks,  a  loss  of  nearly  half  its  light.  "  This  phe- 
nomenon,*' he  remarks,  "cannot  fail  to  awaken  attention,  and  revive 
those  speculations  which  were  first  put  forth  by  my  father  SirW. 
Herschel,  respecting  the  possibility  of  a  change  in  the  lustre  of  <mr 
sun  itself.  If  there  really  be  a  community  of  nature  between  the  sun 
and  fixed  stars,  every  proof  that  we  obtain  of  the  extensive  prevalence 
of  such  periodical  changes  in  those  remote  bodies,  adds  to  the  pro- 

*  Poisson,  Thcoric  Mathcmat.  dc  la        f  Quart.    Joum.    Gcol.    See.    1852. 
Chalc'ur,  Coniptcs  Kcndus  de  V  Acad,  dcs    p.  62. 
ScL,  Jan.  30.  1837. 


>ii.  Vin.]  PRIMITIVE  HEAT  OF  THE  EARTH.  129* 

wMlitj  of  finding  something  of  the  kind  nearer  home."  Referring 
hen  to  the  possible  bearing  of  such  facts  on  ancient  revolutions,  in 
errestrial  climates,  he  says,  that,  **  it  is  a  matter  of  observed  fact, 
hat  many  stars  have  undergone,  in  past  ages,  within  the  records  of 
istronomical  history,  very  extensive  changes  in  apparent  lustre, 
without  a  change  of  distance  adequate  to  producing  such  an  effect. 
I  our  sun  were  even  intrinsically  much  brighter  than  at  present,  the 
nean  temperature  of  the  surface  of  ^  our  globe  would,  of  course,  be 
>roportionally  greater.  I  speak  now  not  of  periodical,  but  of  secular 
changes.  But  the  argument  is  complicated  with  the  consideration  of 
he  possibly  imperfect  transparency  of  the  celestial  spaces,  and  with 
he  cause  of  that  imperfect  transparency,  which  may  be  due  to  mate- 
ial  n<m-luminous  particles  diffused  irregularly  in  patches  analogous 
0  nebulae,  but  of  greater  extent — to  eosmical  clatuiSy  in  short — of 
vhoae  existence  we  have,  I  think,  some  indication  in  the  singular  and 
ipparently  capricious  phenomena  of  temporary  stars,  and  perhaps  in 
he  recent  extraordinary  sudden  increase  and  hardly  less  sudden 
liminution  of  ly  Argus/** 

More  recently  (1862)  Schwabe  has  observed  that  the  spots  on  the 
un  alternately  increase  and  decrease  in  the  course  of  every  ten 
'ears,  and  Captain  Sabine  has  pointed  out  that  this  variable  obscu- 
ation  coincides  in  time  both  as  to  its  maximum  and  minimum  with 
ihanges  in  all  those  terrestrial  magnetic  variations  which  are  caused 
fj  the  sun.  Hence  he  infers  that  the  period  of  alteration  in  the 
pots  is  a  solar  magnetic  period.  Assuming  such  to  be  the  case,  the 
ariable  light  of  some  stars  may  indicate  a  similar  phenomenon,  or  they 
Day  be  stellar  magnetic  periods,  differing  only  in  the  degree  of 
obscuration  and  its  duration.  And  as  hitherto  we  have  perceived  no 
luctuation  in  the  heat  received  by  the  earth  from  the  sun  coincident 
rith  the  solar  magnetic  period,  so  the  fluctuations  in  the  brilliancy  of 
he  stars  may  not  perhaps  be  attended  with  any  perceptible  alteration 
a  their  power  of  radiating  heat.  But  before  we  can  speculate  with 
dvantage  in  this  new  and  interesting  field  of  inquiry,  we  require 
Qore  facts  and  observations. 

Supposed  gradual  diminution  of  the  earth's  primitive  heat. — The 
gradual  diminution  of  the  supposed  primitive  heat  of  the  globe  has 
>een  resorted  to  by  many  geologists  as  the  principal  cause  of  altera- 
ions  of  climate.  The  matter  of  our  planet  is  imagined,  in  accordance 
rith  the  conjectures  of  Leibnitz,  to  have  been  originally  in  an 
Bteosely  heated  state,  and  to  have  been  parting  ever  since  with 
tortious  of  its  heat,  and  at  the  same  time  contracting  its  dimensions, 
rbere  are,  undoubtedly,  good  grounds  for  inferring  from  recent 
bservation  and  experiment,  that  the  temperature  of  the  earth 
Qcreases  as  we  descend  from  the  surface  to  that  slight  depth  to  which 
lan  can  penetrate:  but  there  are  no  positive  proofs  of  a  secular 
ecrease  of  internal  heat  accompanied  by  contraction.  On  the  con- 
rary,  La  Place  has  shown,  by  reference  to  astronomical  observa- 

•  Eroeeadingt  Roy  Ajtronom.  Soc.  Ko.  iii  Jan.  1840. 
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tions  made  in  the  time  of  Hipparchus,  that  in  the  last  two  thoi 
years  at  least  there  has  been  no  sensible  contraction  of  the  g] 
bj  cooling ;  for  had  this  been  the  case,  even  to  an  extremelj 
amount,  the  day  would  have  been  shortened,  whereas  its  length  hi 
certainly  not  diminished  during  that  period  by  ^^i^th  of  a  second.    « 

Baron  Fourier,  after  making  a  curious  series  of  experiments  on  til 
cooling  of  incandescent  bodies,  considers  it  to  be  proved  matheiB| 
tically,  that  the  actual  distribution  of  heat  in  the  earth's  envelope  I 
precisely  that  which  would  have  taken  place  if  the  globe  had  ben 
formed  in  a  medium  of  a  very  high  temperature,  and  had  afterward 
been  constantly  cooled.*  He  contends,  that  although  no  contractioi 
can  be  demonstrated  to  have  taken  place  within  the  historical  perio 
(the  operation  being  slow  and  the  time  of  observation  limited),  yet  | 
is  no  less  certain  that  heat  is  annually  passing  out  by  radiation  firof 
the  interior  of  the  globe  into  the  planetary  spaces.  He  even  unda 
took  to  demonstrate  that  the  quantity  of  heat  thus  transmitted  in) 
space  in  the  course  of  every  century,  through  every  square  metre  i 
the  earth's  surface,  would  suffice  to  melt  a  column  of  ice  having 
square  metre  for  its  base,  and  being  three  metres  (or  9  feet  10  inchei 
high. 

It  is  at  the  same  time  denied,  that  there  is  any  assignable  mode  i 
which  the  heat  thus  lost  by  radiation  can  be  again  restored  to  tl 
earth,  and  consequently  the  interior  of  our  planet  must,  from  tl 
moment  of  its  creation,  have  been  subject  to  refrigeration,  and 
destined  together  with  the  sun  and  stars  for  ever  to  grow  cold< 
But  I  shall  point  out  in  the  sequel  (chapter  31.)  many  objections 
these  views  and  to  the  theory  of  the  intense  heat  of  the  earth's  centi 
nucleus,  and  shall  then  inquire  how  far  the  observed  augmentation 
temperature,  as  we  descend  below  the  surface,  may  be  referable 
other  causes  unconnected  with  the  supposed  pristine  fluidity  of  t 
entire  globe. 


CHAPTER  IX. 


THEORY   OF    THE    PROGRESSIVE    DEVELOPMENT   OF    ORGANIC    LIFE 

SUCCESSIVE   GEOLOGICAL   PERIODS. 

Theory  of  the  prop^cssivc  deTclopment  of  organic  life  —  Evidence  in  its  snp) 
inconclusive — Vertcbratcd  animals,  and  ]>lants  of  the  most  jicrfect  organiat 
in  strata  of  very  high  antiquity  —  Differences  between  the  organic  remain 
successive  formations — Comparative  modem  origin  of  the  human  race — ' 
popular  doctrine  of  successive  development  not  established  by  the  admisi 
that  man  is  of  modem  origin  —  Introduction  of  man,  to  what  extent  a  chang 
the  system. 

Progressive  development  of  organic  life,  —  In  the  preceding  chapte 
have  considered  whether  revolutions  in  the  general  climate  of 

•  Sec  a  Memoir  on  the  Temperature    Planetary  Spaces,   Ann.  de  Chimi 
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obe  a£R>rd  any  just  ground  of  opposition  to  the  doctrine  that  the 
rmer  changes  of  the  earth  which  are  treated  of  in  geology  helong 
one  uninterrupted  series  of  physical  events  governed  by  ordinary 
uses.  Against  this  doctrine  some  popular  arguments  have  been 
rived  from  the  great  vicissitudes  of  the  organic  creation  in  times 
St ;  I  shall  therefore  proceed  to  the  discussion  of  such  objections, 
iich  have  been  thus  formally  advanced  by  the  late  Sir  Humphrey 
ftvy.  '''It  is  impossible,"  he  affirms,  "to  defend  the  proposition, 
at  the  present  order  of  things  is  the  ancient  and  constant  order  of 
itore,  only  modified  by  existing  laws :  ^in  those  strata  which  are 
epest,  and  which  must,  consequently,  be  supposed  to  be  the  earliest 
posited,  forms  even  of  vegetable  life  are  rare ;  shells  and  vegetable 
mains  are  found  in  the  next  order ;  the  bones  of  fishes  and  oviparous 
ptiles  exist  in  the  following  class ;  the  remainM>f  birds,  with  those 
the  same  genera  mentioned  before,  in  the  next  order ;  those  of 
ladrupeds  of  extinct  species  in  a  still  more  recent  class ;  and  it  is 
ily  in  the  loose  and  slightly  consolidated  strata  of  gravel  and  sand, 
td  which  are  usually  called  diluvian  formations,  that  the  remains  of 
timals  such  as  now  people  the  globe  are  found,  with  others  belonging 
extinct  species.  But,  in  none  of  these  formations,  whether  called 
condary,  tertiary,  or  diluvial,  have  the  remains  of  man,  or  any  of 
s  works,  been  discovered;  and  whoever  dwells  upon  this  subject 
DSt  be  convinced,  that  the  present  order  of  things,  and  the  com  para- 
rely  recent  existence  of  man  as  the  master  of  the  globe,  is  as  certain 
the  destruction  of  a  former  and  a  different  order,  and  the  extinction 
'  a  number  of  living  forms  which  have  no  types  in  being.  In  the 
dest  secondary  strata  there  are  no  remains  of  such  animals  as  now 
ilong  to  the  surface ;  and  in  the  rocks,  which  may  be  regarded  as 
ore  recently  deposited,  these  remains  occur  but  rarely,  and  with 
>andance  of  extinct  species; — there  seems,  as  it  were,  a  gradual 
»proach  to  the  present  system  of  things,  and  a  succession  of  de- 
ructions  and  creations  preparatory  to  the  existence  of  man."* 
In  the  above  passages,  the  author  deduces  two  important  conclusions 
om  geological  data :  first,  that  in  the  successive  groups  of  strata, 
om  the  oldest  to  the  most  recent,  there  is  a  progressive  development 
'organic  life,  from  the  simplest  to  the  most  complicated  forms;  — 
icondly,  that  man  is  of  comparatively  recent  origin,  and  these 
mclasions  he  regards  as  inconsistent  with  the  doctrine,  "  that  the 
resent  order  of  things  is  the  ancient  and  constant  order  of  nature 
ily  modified  by  existing  laws." 

With  respect,  then,  to  the  first  of  these  propositions,  we  may  ask 
hether  the  theory  of  the  progressive  development  of  animal  and 
egetable  life,  and  their  successive  advancement  from  a  simple  to  a 
tore  perfect  state,  has  any  secure  foundation  in  fact  ?  No  geologists 
ho  are  in  possession  of  all  the  data  now  established  respecting  fossil 
tmains,  will  for  a  moment  contend  for  the  doctrine  in  all  its  detail, 
)  laid  down  by  the  distinguished  philosopher  to  whose  opinions  we 

H.  Davy,  Cootolations  in  Travel:  Bialogne  DI.  **  The  Unknown." 
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have  referred :  but  naturalists,  who  are  not  unacquainted  with  rm 
discoveries,  continue  to  defend  it  in  a  modified  form.  Thej  saj  ^ 
in  the  first  period  of  the  world  (by  which  thej  mean  the  earlie#? 
which  we  have  yet  brought  to  light  any  memorials),  the  Te( 
was  characterized  by  a  predominance  of  cryptogamic  plants,  whfle 
animals  which  co-existed  were  almost  entirely  confined  to  xoopl 
testacea,  and  a  few  fish.  Plants  of  a  less  simple  structure,  coniM 
and  cycadese,  flourished  largely  in  the  next  epoch,  when  ovipaH 
reptiles  began  also  to  abound.  Lastly,  the  terrestrial  flora  heed 
most  diversified  and  most  perfect  when  the  highest  orders  of  aniiil 
the  mammalia  and  birds,  were  called  into  existence.  ' 

Now  in  the  first  place,  it  may  be  observed,  that  many  naturdi 
are  guilty  of  no  small  inconsistency  in  endeavouring  to  conneet  I 
phenomena  of  the  earliest  vegetation  with  a  nascent  condition' 
organic  life,  and  at  the  same  time  to  deduce  from  the  noiMfl 
predominance  of  certain  forms,  the  greater  heat  or  uniformity  ofl 
ancient  clii^ate.    The  arguments  in  favour  of  the  latter  condod 
are  without  any  force,  unless  we  can  assume  that  the  rules  foDoi 
by  the  Author  of  Nature  in  the  creation  and  distribution  of  orgf 
beings  were  the  same  formerly  as  now ;  and  that,  as  certain  familiflf 
animals  and  plants  are  now  most  abundant  in,  or  exclusively  conill 
to  regions  where  there  is  a  certain  temperature,  a  certain  degrei 
humidity,  a  certain  intensity  of  light,  and  other  conditions,  so  i 
analogous  phenomena  were  exhibited  al  every  former  era. 

If  this  postulate  be  denied,  and  the  prevalence  of  particular  fami 
be  declared  to  depend  on  a  certain  order  of  precedence  in 
introduction  of  different  classes  into  the  earth,  and  if  it  be  maintai 
that  the  standard  of  organization  was  raised  successively,  we  n 
then  ascribe  the  numerical  preponderance,  in  the  earlier  ages 
plants  of  simpler  structure,  not  to  the  heat,  or  other  cUmatal  i 
ditions,  but  to  those  different  laws  which  regulate  organic  life 
newly  created  worlds. 

Before  we  can  infer  a  warm  and  uniform  temperature  in  1 
latitudes,  from  the  presence  of  250  species  of  ferns,  some  of  ti 
arborescent,  accompanied  by  lycopadiacae  of  large  size,  and  arauca 
we  must  be  permitted  to  assume,  that  at  all  times,  past,  presenti 
future,  a  heated  and  moist  atmosphere  pervading  the  northern  hei 
phere  has  a  tendency  to  produce  in  the  vegetation  a  predcnniiuuu 
analogous  forms. 

It  should  moreover  be  borne  in  mind,  when  we  are  considering 
question  of  development  from  a  botanical  point  of  view,  that  o 
ralists  are  by  no  means  agreed  as  to  the  existence  of  an  ascen 
scale  of  organization  in  the  vegetable  world  corresponding  to 
which  is  very  generally  recognized  in  animals.  "  From  the  sp 
to  man,"  in  the  language  of  De  Blainville,  there  may  be  a  proj 
fiive  chain  of  being,  although  often  broken  and  imperfect;  b 
we  seek  to  classify  plants  according  to  a  linear  arrangement,  asc 
ing  gradually  from  the  lichen  to  the  lily  or  the  rose,  we  encoi 
incomparably  greater  difficulties.     Tet  the  doctrine  of  a  more  h: 


CH.1X]  .   AT  SUCCESSIVE  PERIODS,  133 

developed  organization  in  the  plants  created  at  successive  periods  pre- 
sopposes  the  admission  of  such  a  graduated  scale. 

We  have  as  jet  obtained  but  scanty  information  respecting  the  state 
rf  the  terrestrial  flora  at  periods  antecedent  to  the  coal.    In  the  carbo* 
niferooa  epoch,  about  500  species  of  fossil  plants  are  enumerated  by 
Adolphe  Brongniart,  which  we  may  safely  regard  as  a  mere  fragment  of 
an  ancient  flora;  since,  in  Europe  alone,  there  are  now  no  less  than 
11,000  living  species.     I  have  already  hinted  that  the  plants  which 
J  produced  coal  were  not  drifted  from  a  distance,  but  that  nearly  all  of 
them  grew  on  the  spots  where  they  became  fossil.     They  appear  to 
hive  belonged,  as  before  explained  (p.  116.),  to  a  peculiar  class  of 
tiathnSy — to  low  level  and  swampy  regions,  in  the  deltas  of  large 
rivers^  slightly  elevated  above  the  level  of  the  sea.    From  the  study, 
therefore,  of  such  a  vegetation  we  can  derive  but  little  insight  into 
the  nature  of  the  contemporaneous  upland  flora,  still  less  of  the  plants 
of  the  mountainous  or  Alpine  country ;  and  if  so^  we  are  enabled  to  ac- 
eonntforthe  apparent  monotony  of  the  vegetation,  although  its  uniform 
character  was  doubtless  in  part  owing  to  a  greater  uniformity  of  climate 
then  prevailing  throughout  the  globe.    Some  of  the  commonest  trees  of 
this  period,  such  as  the  sigillarise,  which  united  the  structure  of  ferns 
lad  of  cycadeffi,  departed  very  widely  from  all  known  living  types. 
The  conifers  and  ferns,  on  the  contrary,  were  very  closely  allied  to 
^ving  genera.    It  is  remarkable  that  none  of  the  exogens  of  Lindley 
(dicotyledonous  angiosperms ''of  Brongniart),  which  comprise  four- 
fifihs  of  the  living  flora  of  the  globe,  and  include  all  the  forest  trees 
of  Europe  except  the  fir-tribe,  have  yet  been  discovered  in  the  coal 
measures,  and  a  very  small  number  —  fifteen  species  only — of  monoco- 
tyledons.    If  several  of  these  last  are  true  palms,  an  opinion  to  which 
Messrs.  Lindley,  linger,  Corda,  and  other  botanists  of  note  incline, 
the  question  whether  any  of  the  most  highly  organized  plants  are  to 
be  met  with  in  ancient  strata  is  at  once  answered  in  the  affirmative. 
But  the  determination  of  these  palms  being  doubtful,  we  have  as  yet 
in  the  coal  no  positive  proofs  either  of  the  existence  of  the  most 
perfect,  or  of  the  most  simple  forms  of  flowering  or  flowerless  ve- 
getation.    We  have  no  fungi,  lichens,  hepatici  or  mosses:  yet  this 
latter  class  may  have  been  as  fully  represented  then  as  now. 

In  the  flora  of  the  secondary  eras,  all  botanists  agree  that  palms 
existed,  although  in  Europe  plants  of  the  family  of  zamia  and  cycas 
together  with  coniferse  predominated,  and  must  have  given  a  peculiar 
mspect  to  the  flora.  As  only  200  or  300  species  of  plants  are  known 
in  aH  the  rocks  ranging  from  the  Trias  to  the  Oolite  incluEive,  our 
.data  are  too  scanty  as  yet  to  affirm  whether  the  vegetation  of  this 
aeoond  epoch  was  or  was  not  on  the  whole  of  a  simpler  organization 
than  that  of  our  own  times. 

la  the  Lower  Cretaceous  formation,  near  Aix-la-Chapelle,  the  leaves 
of  a  great  many  dicotyledonous  trees  have  lately  been  discovered  by 
Dr.  Debey,  establishing  the  important  fact  of  the  co-existence  of  a 
large  number  of  angiosperms  with  cycades,  and  with  that  rich  rep- 
liliao  fiiuiia  comprising  the  ictliyosaor,  plesiosaur,  and  pterodactyl, 
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which  some  had  supposed  to  indicate  a  state  of  the  atmosphere  vi 
faToarable  to  a  dicotyledonous  vegetation. 

The  number  of  plants  hitherto  obtained  from  tertiary  strata  of  dH 
ferent  ages  is  verj  limited,  but  is  rapidlj  increasing.     Thej  are  n 
ferable  to  a  much  greater  variety  of  families  and  classes   than  a 
equal  number  of  fossil  species  taken  from  secondary  or  primary  rocki 
the  angiosperms  bearing  the  same  proportion  to  the  gymnosperms  aa 
acrogens  as  in  the  present  flora  of  the  globe.     This  greater  Tarial 
may,  doubtless,  be  partly  ascribed  to  the  greater  diversity  of  statioi 
in  which  the  plants  grew,  as  we  have  in  this  case  an  opportonilj 
rarely  enjoyed  in  studying  the  secondary  fossils,  of  investigating  inlii 
or  lacustrine  deposits  accumulated  at  different  heights  above  the  M 
and  containing  the  memorials  of  plants  washed  down  from  adjcHoii 
mountains. 

In  regard,  then,  to  the  strata  from  the  cretaceous  to  the  apperoM 
tertiary  inclusive,  we  may  affirm  that  we  find  in  them  all  the  prinei| 
classes  of  living  plants,  and  during  this  vast  lapse  of  time  four  or  i 
complete  changes  in  the  vegetation  occurred,  yet  no  step  whatev 
was  made  in  advance  at  any  of  these  periods  by  the  addition  of  mo 
highly  organized  species. 

If  we  next  turn  to  the  fossils  of  the  animal  kingdom,  we  may  i 
quire  whether,  when  they  are  arranged  by  the  geologist  in  a  chroi 
logical  series,  they  imply  that  beings  of  a  more  highly  develof 
structure  and  greater  intelligence  entered  upon  the  earth  at  success; 
epochs,  those  of  the  simplest  organization  being  the  first  creat 
and  those  more  highly  organized  being  the  last. 

Our  knowledge  of  the  Silurian  fauna  is  at  present  derived  entir 
from  rocks  of  marine  origin,  no  fresh-water  strata  of  such  high  ai 
quity  having  yet  been  met  with.  The  fossils,  however,  of  these  anci 
rocks  at  once  reduce  the  theory  of  progressive  development  to  wit 
very  narrow  limits,  for  already  they  comprise  a  very  full  represer 
tion  of  the  radiata,  mollusca,  and  articulata  proper  to  the  sea.  Tl 
in  the  great  division  of  radiata,  we  find  asteroid  and  helianthoid  i 
phytes,  besides  crinoid  and  cystidean  echinoderms.  In  the  moUui 
between  200  and  300  species  of  cephalopoda  are  enumerated.  In 
articulata  we  have  the  crustaceans  represented  by  more  than  200  sj)e 
of  trilobites,  besides  other  genera  of  the  same  class.  The  remain 
fish  are  as  yet  confined  to  the  upper  part  of  the  Silurian  series ; 
some  of  these  belong  to  placoid  fish,  which  occupy  a  high  grad 
the  scale  of  organization.  Some  naturalists  have  assumed  that 
earliest  fauna  was  exclusively  marine,  because  we  have  not  yet  fo 
a  single  Silurian  helix,  insect,  bird,  terrestrial  reptile  or  mammi 
but  when  we  carry  back  our  investigations  to  a  period  so  remote  f 
the  present,  we  ought  not  to  be  surprised  if  the  only  accessible  st 
should  be  limited  to  deposits  formed  far  from  land,  because  the  « 
probably  occu[)ied  then,  as  now,  the  greater  part  of  the  e« 
surface.  After  so  many  entire  geographical  revolutions,  the  cha 
are  nearly  three  to  one  in  favour  of  our  finding  that  such  small  port 
of  the  exirting  continents  and  islands  as  expose  Silurian  atrat 
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TieWy  should  coincide  in  position  with  the  ancient  ocean  rather  than 
the  land.  We  must  not,  therefore,  too  hastily  infer,  from  the  absence 
of  foflsil  bones  of  mammalia  in  the  older  rocks,  that  the  highest  class 
of  Tertebrated  animals  did  not  exist  in  remoter  ages.  There  are 
regions  at  present,  in  the  Indian  and  Pacific  Oceans,  co-extensive  in 
area  with  the  continents  of  Europe  and  North  America,  where  we 
might  dredge  the  bottom  and  draw  up  thousands  of  shells  and  corals, 
without  obtaining  one  bone  of  a  land  quadruped.  Suppose  our 
mariners  were  to  report,  that,  on  sounding  in  the  Indian  Ocean  near 
some  coral  reefs,  and  at  some  distance  from  the  land,  thej  drew  up 
on  hooks  attached  to  their  line  portions  of  a  leopard,  elephant,  or 
tapir,  should  we  not  be  sceptical  as  to  the  accuracy  of  their  statements  ? 
and  if  we  had  no  doubt  of  their  veracity,  might  we  not  suspect  them 
to  be  unskilful  naturalists  ?  or,  if  the  fact  were  unquestioned,  should 
we  not  be  disposed  to  believe  that  some  vessel  had  been  wrecked  on 
the  spot? 

The  casualties  must  always  be  rare  by  which  land  quadrupeds  are 
swept  by  rivers  far  out  into  the  open  sea,  and  still  rarer  the  con- 
tingency of  such  a  floating  body  not  being  devoured  by  sharks  or 
other  predacious  fish,  such  as  were  those  of  which  we  find  the  teeth 
preserved  in  some  of  the  carboniferous  strata.  But  if  the  carcass 
should  escape,  and  should  happen  to  sink  where  sediment  was  in  the 
act  of  accumulating,  and  if  the  numerous  causes  of  subsequent  dis- 
mtegration  should  not  efface  all  traces  of  the  body,  included  for 
countless  ages  in  solid  rock,  is  it  not  contrary  to  all  calculation  of 
chances  that  we  should  hit  upon  the  exact  spot — that  mere  point  in 
the  bed  of  an  ancient  ocean,  where  the  precious  relic  was  entombed  ? 
Can  we  expect  for  a  moment,  when  we  have  only  succeeded,  amidst 
several  thousand  fragments  of  corals  and  shells,  in  finding  a  few  bones 
of  aquatic  or  amphibums  animals,  that  we  should  meet  with  a  single 
skeleton  of  an  inhabitant  of  the  land  ? 

Clarence,  in  his  dream,  saw,  *'  in  the  slimy  bottom  of  the  deep," 

-^—  a  thousand  fearful  wrecks  ; 
A  thousand  men,  that  fishes  gnaw*d  upon  ; 
Wedges  of  gold,  great  anchors,  heaps  of  pearl. 

Had  he  also  beheld,  amid  *'  the  dead  bones  that  lay  scattered  by,**  the 
carcasses  of  Uons,  deer,  and  the  other  wild  tenants  of  the  forest  and 
the  plain,  the  fiction  would  have  been  deemed  unworthy  of  the  genius 
of  Shakspeare.  So  danng  a  disregard  of  probability  and  violation  of 
analogy  would  have  been  condemned  as  unpardonable,  even  where  the 
poet  was  painting  those  incongruous  images  which  present  themselves 
to  a  disturbed  imagination  during  the  visions  of  the  night 

Until  lately  it  was  supposed  that  the  old  red  sandstone,  or  Devonian 
rocks^  contained  no  vertebrate  remains  except  those  of  fish,  but  in 
1850  the  footprints  of  a  chelonian,  and  in  1851  the  skeleton  of  a 
reptile,  allied  both  to  the  batrachians  and  lizards,  were  found  in  a 
aandstcnfe  of  that  age  near  Elgin  in  Scotland.*    Up  to  the  year  1844  it 

*  Quart  Joum.  GeoL  Soc.  1852. 
k4 
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was  laid  down  as  a  received  dogma  in  maDj  works  of  high  authoiii| 
in  geology,  that  reptiles  were  not  created  until  after  the  close  of  A 
carboniferous  epoch.  In  the  course  of  that  year,  however,  HermM 
Yon  Meyer  announced  the  discovery,  in  the  coal  measures  of  Bheni 
Bavaria,  of  a  reptile,  called  by  him  Apateon,  related  to  the  ealanfi 
ders ;  and  in  1847  three  species  of  another  genus,  called  archegoMl 
rus  by  Goldfuss,  were  obtained  from  the  coal  of  Saarbriick,  betvei 
Treves  and  Strasburg.  The  footprints  of  a  large  quadruped,  fn 
bably  batrachian,  had  also  been  observed  by  Dr.  King  in  the  m 
boniferous  rocks  of  Pennsylvania  in  1844.  The  first  example  of  li 
bones  of  a  reptile  in  the  Coal  of  North  America  was  detected  i 
lately  as  September,  1862,  by  Mr.  G.  W.  Dawson  and  myself  i 
Nova  Scotia.  These  remains,  referred  by  Messrs.  Wyman  and  0«l 
to  a  perennibranchiate  batrachian,  were  met  with  in  the  interior* 
an  erect  fossil  tree,  apparently  a  sigillaria.  They  seem  clearly  to  han 
been  introduced  together  with  sediment  into  the  tree,  during  i 
submergence  and  after  it  had  decayed  and  was  standing  as  a  hoOo 
cylinder  of  bark,  this  bark  being  now  converted  into  coal. 

When  Agassiz,  in  his  great  work  on  fossil  fish,  described  U 
species  of  ichthyolites  from  the  C4>al,  he  found  them  to  consist  of  ] 
placoids,  belonging  to  the  families  of  shark  and  ray,  and  58  ganoid 
One  family  of  the  latter  he  called  '^sauroid  fish,"  including  d 
megalichthys  and  holoptychius,  often  of  great  size,  and  all  pred 
ceous.  Although  true  fish,  and  not  intermediate  between  that  cli 
and  reptiles,  they  seem  to  have  been  more  highly  organized  than  ai 
living  fish,  reminding  us  of  the  skeletons  of  saurians  by  the  do 
suture  of  their  cranial  bones,  their  large  conical  teeth,  striated  In 
gitudinally,  and  the  articulation  of  the  spinous  processes  with  tl 
vertebrae.  Among  living  species  they  are  most  nearly  allied  to  tl 
lepidosteus,  or  bony  pike  of  the  North  American  rivers.  Before  tl 
recent  progress  of  discovery  above  alluded  to  had  shown  the  fallai 
of  such  ideas,  it  was  imagined  by  some  geologists  that  this  ichthj 
type  was  the  more  highly  developed,  because  it  took  the  lead  at  t' 
head  of  nature  before  the  class  of  reptiles  had  been  created.  T 
confident  assumption  indulged  in  till  the  year  1844,  that  reptiles  we 
first  introduced  into  the  earth  in  the  Permian  period,  shows  t 
danger  of  taking  for  granted  that  the  date  of  the  creation  of  a: 
family  of  animals  or  plants  in  past  time  coincides  with  the  age  of  t 
oldest  stratified  rock  in  which  the  geologist  has  detected  its  renud] 
Nevertheless,  after  repeated  disappointments,  we  find  some  naturali 
as  much  disposed  as  ever  to  rely  on  such  negative  evidence,  and  to  fi 
now  as  sure  that  reptiles  were  not  introduced  into  the  earth  1 
after  the  Silurian  epoch,  as  they  were  in  1844,  that  they  appeared ! 
the  first  time  at  an  era  subsequent  to  the  carboniferous. 

Scanty  as  is  the  information  hitherto  obtained  in  regard  to  the  ai 
culata  of  the  coal  formation,  we  have  at  least  ascertained  that  so 
insects  winged  their  way  through  the  ancient  forests.  In  the  in 
stone  of  Coalbrook  Dale,  two  species  of  coleoptera  of  the  Linna 
genus  curculio  have  been  met  with  :  and  a  neuropterous  insect 
sembling  a  corydalis,  together  with  another  of  the  same  order  reU 
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to  tiie  phgsmidse.  As  an  example  of  the  insectlTorouB  arachnidsB,  I 
ma/  mention  the  scorpion  of  the  Bohemian  coal,  figured  hj  Count 
Sternberg,  in  which  even  the  eyes,  skin,  and  minute  hairs  were 
preaenred.*  We  need  not  despair,  therefore,  of  obtaining  eventually 
fossil  representatiyes  of  all  the  principal  orders  of  hexapods  and 
iU'aclinidae  in  carboniferous  strata. 

Next  in  chronological  order  above  the  Coal  comes  the  allied  Mag- 
oesian  Limestone,  or  Permian  group,  and  the  secondary  formations 
from  the  Trias  to  the  Chalk  inclusive.  These  rocks  comprise  the 
monuments  of  a  long  series  of  ages  in  which  reptiles  of  every  variety 
of  size,  form,  and  structure  peopled  the  earth ;  so  that  the  whole 
period,  and  especially  that  of  the  Lias  and  Oolite,  has  been  sometimes 
called  'Hhe  age  of  reptiles."  As  there  are  now  mammalia  entirely 
eonfined  to  the  land  ;  others  which^  like  the  bat  and  vampire,  fly  in 
the  air  ;  others,  again,  of  amphibious  habits,  frequenting  rivers,  like 
the  hippopotamus,  otter,  and  beaver ';  others  exclusively  aquatic  and 
nuuiDe,  like  the  seal,  whale,  and  narwal ;  so  in  the  early  ages  under 
consideration,  there  were  terrestrial,  winged,  and  aquatic  reptiles. 
There  were  iguanodons  walking  on  the  land,  pterodactyls  winging 
their  way  through  the  air,  monitors  and  crocodiles  in  the  rivers,  and 
ichthyosaurs  and  plesiosaurs  in  the  ocean.  It  appears  also  that  some 
oT these  ancient  saurians  approximated  more  nearly  in  their  organ* 
uation  to  the  type  of  living  mammalia  than  ^o  any  of  the  reptiles 
now  existing.f 

In  the  vast  range  of  strata  above  alluded  to,  comprising  the  Per- 
DiiaD,  the  Upper  New  Red  Sandstone  and  Muschelkalk,  the  Lias, 
Oolite,  Wealden,  Green-sand,  and  Chalk,  scarcely  any  well-authenti- 
cated instances  of  the  occurrence  of  fossil  birds  in  Europe  are  on 
record,  and  only  two  or  three  of  fossil  mammalia. 

In  r^ard  to  the  absence  of  birds,  they  are  usually  wanting,  for 

Teaaons  afterwards  to  be  explained  (see  chap.  47.),  in  deposits  of  all 

ages,  even  in  the  tertiary  periods,  where  we  know  that  birds  as  well 

as  land  quadrupeds  abounded.     Some  at  least  of  the  fossil  remains 

formerly  referred  to  this  class  in  the  Wealden  (a  great  freshwater 

deposit  below  the  chalk),  have  been  recently  shown  by  Mr.  Owen  to 

belong  to  pterodactyls.}    ^"t  in  North  America  still  more  ancient 

indications  of  the  existence  of  the  feathered  tribe  have  been  detected, 

the  fossil  foot-marks  of  a  great  variety  of  species,  of  various  sizes, 

some  larger  than  the  ostrich,  others  smaller  than  the  plover,  having 

been  observed.     These  bipeds  have  left  marks  of  their  footsteps  on 

strata  of  an  age  decidedly  intermediate  between  the  Lias  and  the 

CoaL§ 

The  examples  of  mammalia,  above  alluded  to,  are  confined  to  the 
Trias  and  the  Oolite.  In  the  former,  the  evidence  is  as  yet  limited 
to  two  small  molar  teeth,  described  by  Professor  Plieninger  in  1847, 
under  the  generic  name  of  Microlestes.    They  were  found  near  Stutt- 

*  BieUand'f    Bridgewater   Treatise^  t  Qn^rt.  Joom.GeoL  See  No.  6.  p.  96. 

p.  409.  S  3^  Hitchcock's  Report  on  GeoL  of 

t  Owvi*i  Beport  on  ^'British  Fossil  MMsachusetts,  and  Lyell's  Trayels  in 

BcptOes,  to  Brit.  Soc*  1841,  p.  200.  Korth  America,  chap.  12. 
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gait,  and  possesa  the  double  fanga  so  characteristic  of  iiiiiiiiinjl 
The  other  fossil  remains  of  the  same  class  were  derived  from  (Ml 
the  inferior  members  of  the  oolitic  series  in  Oxfordshire,  and&ffbrdfll 
fall  and  satisfactory  evidence,  consisting  of  the  lower  jaws  of  dl 
Species  of  small  quadrupeds  about  the  size  of  a  mole.  Cuvier,  wl 
he  saw  one  of  them  (during  a  visit  to  Oxford  in  1818),  referred  & 


m^^^^i^^ 


ThrlMoUMClam  FnroMli  ( ralBKicma].    i 


the  marsupial  order,  stating,  however,  that  it  differed  from  all  kno 
camivora  in  having  ten  molar  teeth  in  a  row.  Professor  On 
afterwards  pointed  out  that  the  jaw  belonged  to  an  extinct  gel 
having  considerable  affinity  to  a  newly  discovered  Australian  m 
mifer,  the  Myrmecobius  of  Waterhouse,  which  has  nine  molar  teed 
the  lower  jaw.  (Fig.  9.)  A  more  perfect  specimen  enabled  Mr.  Oi 
in  1846  to  prove  that  the  iol 
tion  of  the  angular  process  of 
lower  jaw  was  not  sufiiciei 
marked  to  entitle  the  osteolo 
to  infer  that  this  quadruped 
marsupial,  as  the  process  ia 
|>  bent  inwards  in  a  greater  de( 
than  in  the  mole  or  hedgd 
Hence  the  genus  amphitherium,  of  which  there  are  two  species  f 
Stonestield,  must  be  referred  to  the  ordinary  or  placental  typ 
9  mammals,  although  it  approximates  in  some  point 


*  See  Manual  of  GeoL  hj  the  Author, 
index  Microlaltt. 

t  This  figure  (No.  8.)  is  from  a  ilraw- 
ioK  by  I'rofe«sor  C.  Pravost,  published 
Ann.  dcs  ScL  Nat.  Avril,  isas.  The 
fouil  a  a  lower  Uw,  adheriai;  by  its 
inner  eide  to  ihe  siab  uf  oolite,  iti  which 
it  ia  sunk.  The  form  of  Ihe  condyle,  or 
poetcrior  proccM  of  Ihe  jaw,  \s  convex, 
agreciuK  with  the  mammileroiia  type, 
and  is  distinctly  seen,  an  iniprenion  of  it 
being  left  on  the  alone,  although  in  this 
specimen  the  bone  is  wonting.  The  an- 
terior part  of  the  jaw  has  been  partially 
broken  away,  so  (hat  the  double  fau)^ 
of  ibe  molar  teeth  are  »">cn  fixed  in  their 
sockets,  the  (brm  of  the  fangs  being 
cfairarteristic  of  ihe  manunalia.  Ten 
molars  are  prcscrrcd,  and  the  place  uf 


TTie  cnaiui 
prcseni-cL 

%  A  coloured  Rpxrt  of  this  smal] 
elegant  quaiini|>cd  if  given  in  the  1 
ZouL  Soc.  Vol.  ii.  pi.  28.  It  U  i 
livorou;,  and  was  tajtcn  in  a  hollow 
in  a  cuuiiiry  abounding  in  anfc 
ninety  miles  lo  the  sooth-east  fit 
month  of  Swan  River  in  Australift 
ia  the  first  living  marsupial  tipcde*  fc 
to  have  nine  molar  teeth  in  tba  1 
jaw,  anil  some  of  the  teeth  ar«  « 
hcparated  from  others,  one  of  tha  ] 
liarities  in  the  Ihvlaeothcrinm  of  Bl 
fiehl.  which  HI  fim  induced  M.  Blai 
to  n-fcr  that  creature  to  the  da 
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(tnctare  to  the  mjrrmecobius  and  allied  musupiala  of  Australia. 
Tie  other  contemporary  genus,  called  phascolotherium,  agrees  much 
■me  nearly  in  osteolc^ical  character  and  precisely  in  the  number 
of  the  teeth  with  the  opossums ;  ftnd  is  believed  to  have  been  truly 
HuimpiaL     (Fig.  10.) 


Fif.  10. 


FhHclMlHrliui  Bvtklandi.  Ov«.    (*h.  DIddplili  BucUudl,  £rad.> 
Lower  jaw.  Inim  StooalUllt 

I.  Tlw  Jit  Da^flfld  tvLcfl  Id  In^h.  i.  Tht  lecond  moUr  tootli  DugatDed  nx  tint*' 

The  occurrence  of  these  most  ancient  memorials  of  the  mammi- 
ftroQS  type,  in  so  low  a  member  of  the  oolitic  series,  while  no  other 
representatives  of  the  same  class  (if  we  except  the  microlestes) 
bave  yet  been  found  in  any  other  of  the  inferior  or  superior  secondary 
strata,  is  a  striking  fact,  and  should  serve  as  a  warning  to  us  against 
hasty  generalizations,  founded  solely  on  negative  evidence.  So  im- 
portODt  an  exception  to  a  general  rule  may  be  perfectly  consistent 
with  the  conclusion,  that  a  small  number  only  of  mammalia  inhabited 
European  latitudes  when  our  secondary  rocks  were  formed ;  but  it 
seems  fatal  to  the  theory  of  progressive  development,  or  to  the  notion 
that  the  order  of  precedence  in  the  creation  of  animals,  considered 
chronologically,  has  precisely  coincided  with  the  order  in  which 
tbey  would  be  ranked  according  to  perfection  or  complexity  of 
stnictare. 

It  was  for  many  years  suggested  that  the  marsupial  order  to  which 
the  foMil  animals  of  Stonesfield  were  supposed  exclusively  to  belong 

•  nuiGgiueCNo.  lOOiTM  UkeofroDi  with  thtue  of  a  lower  j«w  of  a  dJ- 
dM  origiul,  rormn-lj  in  Mr.  Broderip'a  delphls.  The  fosail  ia  wcU  prcserred 
coUectioa,  and  now  in  Ifae  BritUb  Mu-  in  a  slab  of  oolilie  stroclnre  coDtainiiiK 
mm.  It  comisu  of  the  right  half  of  a  ihella  of  trigonue  and  other  marine  re- 
lover  jaw,  of  which  the  inner  ode  is  mainl.  Two  or  Iliree  other  similar  jaws, 
MML  Tha  jaw  contains  terea  moUr  bendei  those  above  represented,  have 
Math,  oae  canine,  ud  three  inclwwsi  been  nrocnred  from  the  qnarric*  of 
bat  iIm  end  of  the  jaw  is  fractured,  and  Blonesiield. — See  Brodeiip,  Ztxd.  Jtmni. 
tTMxt  at  the  alreolns  oT  a  fotuth  in-  voL  iil  p.  408.  Owen.  Proceedings  G«ol. 
cwv  are  seen.  With  this  addition,  the  Sac,  November,  1S3B. 
omnba  of  Ueth  would  agree  exactly 
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constitutes  the  lowest  grade  in  the  class  Mammalia,  and  that  tliis  ordoi^ 
of  which  the  brain  is  of  more  simple  form,  evinces  an  inferior  degrat 
of  intelligence.  If,  therefore,  in  the  oolitic  period  the  marsupial  tribal 
were  the  onlj  warm-blooded  quadrupeds  which  had  as  yet  appearoi 
upon  our  planet,  the  fact,  it  was  said,  confirmed  the  theory  whioli 
teaches  that  the  creation  of  tlie  more  simple  forms  in  each  division  ol 
the  animal  kingdom  preceded  that  of  the  more  complex.  But  on  how 
slender  a  support,  even  if  the  facts  had  continued  to  hold  true,  did 
such  important  conclusions  hang !  The  Australian  continent,  so  far 
as  it  has  been  hitherto  explored,  contains  no  indigenous  quadrupedf 
save  those  of  the  marsupial  order,  with  the  exception  of  a  few  small 
rodents,  while  some  neighbouring  islands  to  the  north,  and  even  south- 
ern Africa,  in  the  same  latitude  as  Australia,  abound  in  mammalia  ol 
every  tribe  except  the  marsupiaL  We  are  entirely  unable  to  explaii 
on  what  physiological  or  other  laws  this  singular  diversity  in  tha 
habitations  of  living  mammalia  depends ;  but  nothing  is  more  cleai 
than  that  the  causes  which  stamp  so  peculiar  a  character  on  two  dif- 
ferent provinces  of  wide  extent  are  wholly  independent  of  time,  or  ol 
the  age  or  maturity  of  the  planet. 

The  strata  of  the  Wealden,  although  of  a  later  date  than  the  oolita 
of  Stonesfield,  and  although  filled  with  the  remains  of  large  reptiles^ 
both  terrestrial  and  aquatic,  have  not  yielded  as  yet  a  single  marsu- 
pial bone.  Were  we  to  assume  on  such  scanty  data  that  no  warm- 
blooded quadrupeds  were  then  to  be  found  throughout  the  northern 
hemisphere,  there  would  still  remain  a  curious  subject  of  speculation, 
whether  the  entire  suppression  of  one  important  class  of  vertebratii 
such  as  the  mammiferous,  and  the  great  development  of  another,  such 
as  the  reptilian,  implies  a  departure  from  fixed  and  uniform  rulei 
governing  the  fluctuations  of  the  animal  world;  such  rules,  for  ex- 
ample, as  appear  from  one  century  to  another  to  determine  the  growtl] 
of  certain  tribes  of  plants  and  animals  in  arctic,  and  of  other  tribei 
in  tropical  regions. 

In  Australia,  New  Zealand,  and  many  other  parts  of  the  southern 
hemisphere,  where  the  indigenous  land  quadrupeds  are  comparative!] 
few,  and  of  small  dimensions,  the  reptiles  do  not  predominate  ii 
number  or  size.  Tlie  deposits  formed  at  the  mouth  of  an  Australiai 
river,  within  the  tropics,  might  contain  the  bones  of  only  a  few  siual 
marsupial  animals,  which,  like  those  of  Stonesfield,  might  hereaftei 
be  discovered  with  difficulty  by  geologists ;  but  there  would,  at  tin 
same  time,  be  no  megalosauri  and  other  fossil  remains,  showing  thft 
large  saurians  were  plentiful  on  the  land  and  in  the  waters  at  a  tim 
when  mammalia  were  scarce.  This  example,  therefore,  would  afifon 
a  very  imperfect  parallel  to  the  state  of  the  animal  kingdom,  supposei 
to  have  prevailed  during  the  secondary  periods,  when  a  high  tempo 
rature  pervaded  European  latitudes. 

It  may  nevertheless  be  advantageous  to  point  to  some  existim 
anomalies  in  the  geographical  development  of  distinct  classes  of  ver 
tebrata  which  may  be  comparable  to  former  conditions  of  the  anima 
creation  brought  to  light  by  geology.     Thus  in  the  arctic  regions,  a 
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present,  reptiles  are  small,  and  sometimes  wholly  wanting,  where 
birds,  large  land  quadrupeds,  and  cetacea  abound.  We  meet  with 
bears,  wolves,  foxes,  musk  oxen,  and  deer,  walrusses,  seals,  whales,  and 
narwals,  in  regions  of  ice  and  snow,  where  the  smallest  snakes,  efts, 
and  frogs  are  rarely,  if  ever,  seen. 

A  still  more  anomalous  state  of  things  presents  itself  in  the  south- 
em  hemisphere.  Even  in  the  temperate  zone,  between  the  latitudes 
52^  and  56^  S.,  as,  for  example,  in  Tierra  del  Fuego,  as  well  as  in  the 
woody  region  immediately  north  of  the  Straits  of  Magellan,  and  in 
the  Falkland  Islands,  no  reptiles  of  any  kind  are  met  with,  not  even 
a  make,  lizard,  or  frog;  but  in  these  same  countries  we  find  the 
guanaco  (a  kind  of  llama),  a  deer,  the  puma,  a  large  species  of  fox, 
many  small  rodentia,  besides  the  seal  and  otter,  together  with  the 
porpoise,  whale,  and  other  cetacea. 

On  what  grand  laws  in  the  animal  physiology  these  remarkable 
phenomena  depend,  cannot  in  the  present  state  of  science  be  con- 
jectured; nor  could  we  predict  whether  flny  opposite  condition  of 
the  atmosphere,  in  respect  to  heat,  moisture,  and  other  circumstances, 
would  bring  about  a  state  of  animal  life  which  might  be  called  the 
converse  of  that  above  described,  namely,  a  state  in  which  reptiles  of 
every  size  and  order  might  abound,  and  mammalia  disappear. 

Tlie  nearest  approximation  to  such  a  fauna  is  found  in  the  Gala- 
p^os  Archipelago.  These  islands,  situated  under  the  equator,  and 
nearly  600  miles  west  of  the  coast  of  Peru,  have  been  called  "  the 
land  of  reptiles,"  so  great  is  the  number  of  snakes,  large  tortoises, 
and  lizards,  which  they  support.  Among  the  lizards,  the  first  living 
ipecies  proper  to  the  ocean  has  been  discovered.  Tet,  although 
some  of  these  islands  are  from  3000  to  4000  feet  high,  and  one  of 
them  75  miles  long,  they  contain,  with  the  exception  of  one  small 
mouse,  no  indigenous  matnmifer.  Even  here,  however,  it  is  true 
that  in  the  neighbouring  sea  there  are  seals,  and  several  kinds  of 
cetacea«* 

It  may  be  unreasonable  to  look  for  a  nearer  analogy  between  the 
fauna  now  existing  in  any  part  of  the  globe,  and  that  which  we  can 
show  to  have  prevailed  when  our  secondary  strata  were  deposited, 
because  we  must  always  recollect  that  a  climate  like  that  now  experi- 
enced at  the  equator,  co-existing  with  the  unequal  days  and  nights  of 
Emnopean  latitudes,  was  a  state  of  things  to  which  there  is  now  no 
cooaterpart  on  the  globe.  Consequently,  the  type  of  animal  and 
TCgetaUe  existenee  required  for  such  a  climate  might  be  expected  to 
deviate  almost  as  widely  from  that  now  established,  as  do  the  flora 
and  fauna  of  our  tropical  differ  from  those  of  our  arctic  regions. 

In  the  Tertiary  strata. — The  tertiary  formations  were  deposited 
when  the  physical  geography  of  the  northern  hemisphere  had  been 
entirely  altered.  Large  inland  lakes  had  become  numerous,  as  in 
central  France  and  other  countries.  There  were  gulfs  of  the  sea, 
into  which  considerable  rivers  emptied  themselves,  and  where  strata 

*  Barwin'f  Joomal,  chap.  19.   Lyell's  Manual  of  GeoL  ch.  21.  p.  279. 
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like  those  of  the  Paris  basin  were  accumulated.  There  were  also 
formations  in  progress,  in  shallow  seas  not  far  from  shore,  such 
as  are  indicated  bj  portions  of  the  Faluns  of  the  Loire,  and  the 
English  Crag. 

The  proximity,  therefore,  of  large  tracts  of  dry  land  to  the  seas 
and  lakes  then  existing,  may,  in  a  great  measure,  explain  why  the 
remains  of  land  animals,  so  rare  in  the  older  strata,  are  not  uncommcm 
in  these  more  modem  deposits.  Yet  even  these  have  sometimes 
proved  entirely  destitute  of  mammiferous  relics,  for  years  after  they 
had  become  celebrated  for  the  abundance  of  their  fossil  testacea,  fish, 
and  reptiles.  Thus  the  calcaire  grossier,  a  marine  limestone  of  the 
district  round  Paris,  had  afforded  to  collectors  more  than  1100  species 
of  shells,  besides  many  zoophytes,  echinodermata,  and  the  teeth  of 
fish,  before  the  bones  of  one  or  two  land  quadrupeds  were  met  with 
in  the  same  rock.  The  strata  called  London  and  Plastic  clay  in 
England  have  been  studied  for  more  than  half  a  century,  and  about 
400  species  of  shells,  50  or  more  of  fisli,  besides  several  kinds  of 
chelonian  and  saurian  reptiles,  were  known  before  a  single  mammifer 
was  detected.  At  length,  in  the  year  1839,  there  were  found  in 
this  formation  the  remains  of  a  monkey,  an  opossum,  a  bat*,  and  a 
species  of  the  extinct  genus  Hyracotherium,  allied  to  the  Peccary  or 
hog  tribe. 

If  we  examine  the  strata  above  the  London  clay  in  England,  we 
first  meet  with  mammiferous  remains  in  the  Isle  of  Wight,  in  beds 
also  belonging  to  the  Eocene  epoch,  such  as  the  remains  of  the 
Palasotherium,  Anoplotherium,  and  other  extinct  quadrupeds,  agree- 
ing vcr}'  closely  with  those  first  found  by  Cuvier,  near  Paris,  in  strata 
of  the  same  age,  and  of  similar  freshwater  origin. 

In  France  we  meet  with  another  fauna,  both  conchological  and 
mammalian  in  the  Miocene  "faluns**  of  the  Loire;  above  which  in 
the  ascending  series  in  Great  Britain  we  arrive  at  the  coralline  crag 
of  Suftolk,  a  marine  formation  which  has  yielded  three  or  four 
hundred  species  of  shells,  very  different  from  the  Eocene  testacea, 
and  of  which  a  large  proportion,  although  a  minority  of  the  whole 
number,  are  recent,  besides  many  corals,  echini,  foraminifera,  and 
fish,  but  as  yet  no  relic  decidedly  mammalian  except  the  ear-bone 
of  a  whale. 

In  the  shelly  sand,  provincially  termed  "  Red  Crag,"  in  Suffolk, 
which  immediatelv  succeeds  the  coralline,  constituting  a  newer 
member  of  the  same  tertiary  group,  about  2o0  species  of  shells  have 
been  recognised,  of  which  a  still  lar«rer  proportion  are  recent.  They 
are  associated  with  numerous  teeth  of  lish ;  but  no  signs  of  a  warm- 
blooded quadruped  had  been  detected  until  1839,  when  the  teeth  of  a 
leopard,  a  bear,  a  hog,  and  a  species  of  ruminant,  were  found  at  New- 
bourn,  in  Suffolk,  and  since  tliat  time,  several  other  genera  of  mam- 
malia have  been  met  with  in  the  same  formation,  or  in  the  RedCrag.f 

•  Taylor's  Annals  of  NaL  Hist.  Nov.        f  Soo  notice  by  the  Author,  and  Pro- 
1S39.  fossor  Owen,  Taylor**  Aiuiols  of  Nat 

Uist  Not.  1839. ' 
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Of  a  still  newer  date  is  the  Norwich  Crag,  a  fluyiomarine  deposit 

of  the  Pleiocene  epoch,  containing  a  mixture  of  marine,  fluviatile,  and 

land  shells,  of  which  90  per  cent,  or  more  are  recent     These  beds, 

since  the  time  of  their  first  investigation,  have  yielded  a  supply  of 

mammalian  bones  of  the  genera  mastodon,  elephant,  rhinoceros,  pig, 

horse,  deer,  ox,  and  others,  the  bodies  of  which  may  have  been 

washed  down  into  the  sea  by  rivers  draining  land,  of  which  the 

contiguity  is  indicated  by  the  occasional  presence  of  terrestrial  and 

freshwater  shells. 

Oar  acquaintance  with  the  newer  Pleiocene  mammalia  in  Europe, 
South  America,  and  Australia,  is  derived  chiefly  from  cavern  deposits, 
a  fact  which  we  ought  never  to  forget  if  we  desire  to  appreciate  the 
superior  facilities  we  enjoy  for  studying  the  more  modern  as  com- 
pared to  the  more  ancient  terrestrial  faunas.  We  know  nothing  of 
the  fossil  bones  which  must  have  been  enclosed  in  the  stalagmite  of 
caTems  in  the  older  Pleiocene,  or  in  the  Miocene  or  Eocene  epochs, 
I  much  less  can  we  derive  any  information  respecting  the  inhabitants 
of  the  land  from  a  similar  source,  when  we  carry  back  our  inquiries 
to  the  Wealden  or  carboniferous  epochs.  We  are  as  well  assured 
that  land  and  rivers  then  existed,  as  that  they  exist  now ;  but  it  is 
evident  that  even  a  slight  geographical  revolution,  accompanied  by 
the  submergence  and  denudation  of  land,  would  reduce  to  an  extreme 
improbability  the  chance  of  our  hitting  on  those  minute  points  of 
space  where  caves  may  once  have  occurred  in  limestone  rocks. 

Fossil  quadrumana, — Until  within  a  few  years  (1836,  1837),  not 
a  single  bone  of  any  quadrumanous  animal,  such  as  the  orang,  ape, 
baboon,  and  monkey,  had  been  discovered  in  a  fossil  state,  although 
so  much  progress  bad  been  made  in  bringing  to  light  the  extinct 
manmialia  of  successive  tertiary  eras,  both  carnivorous  and  herbi- 
vorous.    The  total  absence  of  these  anthropomorphous  tribes  among 
the  records  of  a  former  world,  had  led  some  to  believe  that  the  type 
of  organization  most  nearly  resembling  the  human,  came  so  late  in 
the  order  of  creation,  as  to  be  scarcely,  if  it  all,  anterior  to  that  of 
man.     That  such  generalisations  were  premature,  I  endeavoured  to 
point  out  in  the  first  edition  of  this  work  *,  in  which  I  stated  that 
the  bones  of  quadrupeds  hitherto  met  with  in   tertiary  deposits 
were  chiefly  those  which  frequent  marshes,  rivers,  or  the  borders  of 
lakes,  as  the  elephant,  rhinoceros,  hippopotamus,  tapir,  hog,  deer, 
and  ox,  while   species  which  live  in  trees  are  extremely  rare  in 
a  fossil  state.     I  also  hinted,  that  we  had  as  yet  no  data  for  determin- 
ing how  great  a  number  of  the  one  kind  we  ought  to  find,  before 
we  have  a  right  to  expect  a  single  individual  of  the  other.     Lastly,  I 
observed  that  the  climate  of  the  more  modem  (or  Post-Eocene)  tertiary 
periods  in  England  was  not  tropical,  and  that  in  regard  to  the  London 
day,  of  which  the  crocodiles,  turtles,  and  fossil  fruits  implied  a 
climate  hot  enough  for  the  quadrumana,  we  had  as  yet  made  too 
little  progress  in  ascertaining  what  were  the  Eocene  pachydermata  of 

*  See  Principles  of  Geology,  1st  ed.  1830,  toL  l  p.  152. 
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England,  to  entitle  us  to  expect  to  have  discovered  anj  quadrumana 
of  the  same  date. 

Since  those  remarks  were  first  written,  in  1829,  a  great  number  4if 
extinct  species  have  been  added  to  our  collections  of  tertiary  mUB* 
malia  from  Great  Britain  and  other  parts  of  the  world.  At  lengtty 
between  the  years  1836  and  1839,  a  few  remains  of  quadrumana  weii 
found  in  France  and  England,  India  and  Brazil.  Those  of  India,  b0* 
longing  to  more  than  one  extinct  species  of  monkey,  were  first  db* 
covered  near  the  Sutlej,  in  lat  30^  N.,  in  tertiary  strata,  of  wbick 
the  age  is  not  yet  determined ;  the  Brazilian  fossil,  brought  from  the 
basin  of  the  Rio  das  Yelhas,  about  lat  18^  S.,  is  referable  to  a  fomi 
now  peculiar  to  America,  allied  to  the  genus  Callithrix,  the  spedei 
being  extinct  The  skull  and  other  bones  met  with  in  the  South  of 
France  belong  to  a  gibbon,  or  one  of  the  tailless  apes,  which  staal 
next  in  the  scale  of  organization  to  the  orang.  It  occurred  rf 
Sansan,  about  forty  miles  west  of  Toulouse,  in  lat  43^  40^  N.,  it 
freshwater  strata,  probably  of  the  Miocene  or  middle  tertiary  period. 
Lastly,  the  English  quadrumane  first  met  with,  occurred  in  a  mort 
ancient  stratum  than  the  rest,  and  at  a  point  more  remote  from  thl 
equator.  It  belongs  to  the  genus  Macacus,  is  an  extinct  species,  wai 
was  found  in  Suffolk^  in  lat.  52^*,  in  the  London  clay,  the  fossils  of 
which,  such  as  crocodiles,  turtles,  shells  of  the  genus  Nautilus,  and 
many  curious  fruits,  had  already  led  geologists  to  the  conclusion  that 
the  climate  of  that  era  (the  Eocene)  was  warm  and  nearly  tropicaL 

Some  years  later  (in  1846)  the  jaw  of  another  British  species  of 
fossil  monkey,  Macacus  pliocenus,  was  announced  by  Mr.  Owen  ai 
having  been  met  with  in  the  newer  Pleiocene  strata,  on  the  banks  of 
the  Thames,  at  Grays,  in  Essex,  accompanying  the  remains  of  hip- 
popotamus, elephant,  and  other  quadrupeds,  and  associated  with 
freshwater  and  land  shells,  most  of  which  are  now  inhabitants  of  the 
British  Isles.^ 


•  The  first  ([uadrumaiioiis  fossils  (lis-  was  found  by  31.  Lartet  in  the  begiimiiig 

covered  in  India  woro  obs<.Tvcd  in   1836  of  1837,  and  determined  by  JVLdeBhuB* 

in  the  Si'WiUik  Hills,  a  lower  ranj^e  of  ville.     It  occurred   near  Aneh,  in  the 

the  Himalayan  Mountains,  by  Lieutenants  department  of  Gcrs.  about  forty  miki 

Baker  and  Ihirond,  by  whom  their  os-  west  of  Toulouse,  in  tiX'shwattT  mari, 

tcolojjicul    ehanu'ters   weri.'    detennined  limestone,   and   sand.     They   wore  tc- 

(J(»uni.  of  Asiat.  See.  of  Benpil,  vol.  v.  eompanied  by  the  reniain«i  of  the  mw* 

p.  739.),  and  in  the  year  following;,  other  ttxlon,  dinotherium,  paheocheriunu  ria* 

fossils  of  the  same  ekss  were  brou>:ht  to  nocen>s,  gigantic  sloth,  and  other  cxiincl 

light  and  descrilnMl  by  Capt.  Cantley  and  quadrujieds.     (Bulletin  ilc  la  tx)C.  GeoL 

Dr.  Falconer.     Tliesc    were    iml>ed<letl,  de  France,  torn.  viii.  p.  92.) 

like  the  f«»nner.  in  tertiar}*  strata  of  ctm-  The    Britb>h    quadmmano  was    dii* 

glomerate,  siind,  m;irl,  and  clay,  in  the  covered   in    1839,  by  Me^«^s.   ^ViUuuii 

Sul>- Himalayan  Mountains.  (Ibid.  vol.  v.  Colchester  and  Searles  Woo«l,  at  Kysra, 

p.  379.  Nov.  1836 ;  an«l  voL  vi.  p.  354.  nciir  Wo«Hlbridgi\  in  SaflPolk,  and'  W 

Alay,  1837.)  referred  by  Professor  Owen  to  the  g«ims 

Tlie  Hni/ilian  quadrumane  was  found,  Macacus.     (^lag.   of    Nat.    Hist.    Sepb 

with  a  groat  many  other  extinct  s]>icies  of  1839.     Taylor,   Annals   of   Nat.    Iltft, 

animals,   by   a    Danish    natiiralist.   Dr.  No.  xxiii.  Nov.  1839.) 

Lund,  K'tween  the  rivers  FranciM:o  and  t  Owen's  IntnHiuetion  to  British  Fot- 

Velhas.  in  1837.  ail  Momnials,  p.  46. 

The  gibbon  of  the  South  of  Franco 
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When  we  consider  the  small  area  of  the  earth's  surface  hitherto 
explored  geologicallj,  and  the  new  discoveries  brought  to  light 
diilj,  even  in  the  environs  of  great  European  capitals,  we  must  feel 
that  it  would  be  rash  to  assume  that  the  Lower  Eocene  deposits 
muk  the  era  of  the  first  creation  of  quadrumana.  It  would,  how- 
erer,  be  still  more  unphilosophical  to  infer,  as  some  writers  have 
done,  from  a  single  extinct  species  of  this  family  obtained  in  a 
Utitnde  far  from  the  tropics,  that  the  Eocene  quadrumana  *  did 
not  attain  as  high  a  grade  of  organization  as  thej  do  in  our  own 
times.  What  would  the  naturalist  know  of  the  apes  and  orangs 
Dov  contemporary  with  man,  if  our  investigations  were  restricted  to 
8Qch  northern  latitudes  as  those  where  alone  the  geologist  has 
liitherto  found  all  the  fossil  quadrumana  of  Europe  ? 

Cetaeea, — The  absence  of  Cetacea  from  rocks  older  than  the 
Eocene  has  been  frequently  adduced  as  lending  countenance  to  the 
theory  of  the  very  late  appearance  of  the  highest  class  of  Vertebrata 
on  the  earth.  Professor  Sedgwick  possesses  in  the  Cambridge  Museum 
a  mass  of  anchylosed  cervical  vertebrse  of  a  whale,  which  he  found  in 
drift  day  near  Ely,  and  which  he  has  no  doubt  was  washed  out  of  the 
Kimmeridge  clay,  an  upper  member  of  the  Oolite.    According  to 
Professor  Owen,  it  exhibits  well-marked  specific  characters,   dis- 
tingoishing  it  from  all  other  known  recent  or  fossil  cetacea.     Dr. 
leidy,  of  Philadelphia,  has  lately  described  (1851)  two  species  of 
cetacea  of  a  new  genus,  which  he  has  called  Priscodelphinus  from 
the  green  sand ^  of  New  Jersey,  which  corresponds  in  age  with  the 
English  Chalk  or  the  cretaceous  strata  above  the  gault.     The  spe- 
cimeos  consist  of  dorsal  and  cervical  vertebrae.*    Even  in  the  Eocene 
strata  of  Europe,  the  discovery  of  cetaceans  has  never  kept  pace  witti 
that  of  land  quadrupeds.     The  only  instance  cited  in  Great  Britain 
is  a  species  of  Monodon,  from  the  London  clay,  of  doubtful  authen- 
ticity as  to  its  geological  position.     On  the  other  hand,  the  gigantic 
Zeaglodon  of  North  America  occurs  abundantly  in  the  Middle  Eocene 
strata  of  Georgia  and  Alabama,  from  which  as  yet  no  bones  of  land 
quadrupeds  have  been  obtained. 

In  the  present  imperfect  state  then  of  our  information,  we  can 
scarcely  say  more  than  that  the  cetacea  seem  to  have  been  scarce  in 
the  secondary  and  primary  periods.  It  is  quite  conceivable  that  when 
aquatic  saurians,  some  of  them  carnivorous,  like  the  Ichthyosaurus, 
were  swarming  in  the  sea,  and  when  there  were  large  herbivorous 
reptiles,  like  the  Iguanodon,  on  the  land,  the  class  of  reptiles  may,  to 
a  certain  extent,  have  superseded  the  cetacea,  and  discharged  their 
functions  in  the  animal  economy. 

That  mammalia  had  been  created  long  before  the  epoch  of  the  Kim- 
meridge clay,  is  shown  by  the  Microlestes  of  the  Trias  before  alluded 
to,  %Dd  by  the  Stonesfield  quadrupeds  from  the  Inferior  Oolite.  And  we 
are  bound  to  remember,  whenever  we  infer  the  poverty  of  the  flora  or 
iaana  of  any  given  period  of  the  past,  from  the  small  number  of  fossils 
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•  Procecduigs  of  Acad.  Nat  Sci.  Fhilad.  Bee  9.  1851. 
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occurring  in  ancient  rocks,  that  it  has  been  evidently  no  part  of 
plan  of  Nature  to  hand  down  to  us  a  complete  or  systematic 
of  the  former  history  of  the  animate  world.  We  may  have  failed 
discover  a  single  shell,  marine  or  freshwater,  or  a  single  coral  or 
in  certain  sandstones,  such  as  that  of  the  yalley  of  the  Ck>nn 
where  the  footprints  of  bipeds  and  quadrupeds  abound ;  bat 
failure  may  have  arisen,  not  because  the  population  of  the  land  4 
sea  was  scanty  at  that  era,  but  because  in  general  the  preaii  intJM 
of  any  relics  of  the  animals  or  plants  of  former  times  is  the  exceptklj 
to  a  general  rule.  Time  so  enormous  as  that  contemplated  by  tff 
geologist  may  multiply  exceptional  cases  till  they  seem  to  coi 
the  rule,  and  so  impose  on  the  imagination  as  to  lead  us  to  infer 
non-existence  of  creatures  of  which  no  monuments  happen  to 
Professor  Forbes  has  remarked,  that  few  geologists  are  aware 
large  a  proportion  of  all  known  species  of  fossils  are  founded  on 
specimens,  while  a  still  greater  number  are  founded  on  a  few  indiiljj 
duals  discovered  in  one  spot.  This  holds  true  not  only  in  regard  li 
animals  and  plants  inhabiting  the  land,  the  lake,  and  the  river,  hd 
even  to  a  surprising  number  of  the  marine  mollusca,  articulata^  irf 
radiata.  Our  knowledge,  therefore,  of  the  living  creation  of  t^ 
given  period  of  the  past  may  be  said  to  depend  in  a  great  degree  m 
what  we  commonly  call  chance,  and  the  casual  discovery  of  sofll 
new  localities  rich  in  peculiar  fossils  may  modify  or  entirely  ovef 
throw  all  our  previous  generalizations. 

Upon  the  whole  then  we  derive  this  result  from  a  general  reviei 
of  the  fossils  of  the  successive  tertiary  strata,  namely,  that  sinci 
the  Eocene  period,  there  have  been  several  great  changes  in  tiM 
land  quadrupeds  inhabiting  Europe,  probably  not  less  than  fift 
complete  revolutions,  during  which  there  has  been  no  step  what 
ever  made  in  advance,  no  elevation  in  the  scale  of  being ;  so  thi 
had  man  been  created  at  the  commencement  of  the  Eocene  era,  h 
would  not  have  constituted  a  greater  innovation  on  the  state  of  tl 
animate  creation  previously  established  than  now,  when  we  belief 
him  to  have  begun  to  exist  at  the  close  of  the  Pieiocene.  Tli 
views,  therefore,  which  I  proposed  in  the  first  edition  of  this  wori 
January,  1830,  in  opposition  to  the  theory  of  progressive  developmea 
do  not  seem  to  me  to  require  material  modification,  notwithstaodii 
the  large  additions  since  made  to  our  knowledge  of  fossil  remains. 

These  views  may  be  thus  briefly  stated.  From  the  earlie 
period  at  which  plants  and  animals  can  be  proved  to  have  e3 
isted,  there  has  been  a  continual  change  going  on  in  the  positic 
of  land  and  sea,  accompanied  by  great  fluctuations  of  climate.  1 
these  ever-varying  geographical  and  climatal  conditions  the  state 
the  animate  world  has  been  unceasingly  adapted.  No  satisfactoi 
proof  has  yet  been  discovered  of  the  gradual  passage  of  the  ear 
iVom  a  chaotic  to  a  more  habitable  state,  nor  of  any  law  of  progress!' 
development  governing  the  extinction  and  renovation  of  specif 
and  causing  the  fauna  and  flora  to  pass  from  an  embryonic  to  a  mo 
perfect  condition,  from  a  simple  to  a  more  complex  organization. 
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The  principle  of  adaptation  to  which  I  have  alluded,  appears  to  have 
eea  analogous  to  that  which  now  peoples  the  arctic,'temperate,  and  tro- 
ieal  r^ons  contemporaneouslj  with  distinct  assemhlages  of  species 
id  genera,  or  which,  independently  of  mere  temperature,  gives  rise 
>  a  predominance  of  the  marsupial  or  didelphous  tribe  of  quadrupeds 
1  Australia,  of  the  placental  or  monodelphous  tribe  in  Asia  and 
wope,  or  which  causes  a  profusion  of  reptiles  without  mammalia  in 
be  Galapagos  Archipelago,  and  of  mammalia  without  reptiles  in 
inenland.  ^ 

Recent  origin  of  man, — If,  then,  the  popular  theory  of  the  suc- 
eniTe  deyelopment  of  the  animal  and  yegetable  world,  from  the 
impkst  to  the  most  perfect  forms,  rests  on  a  very  insecure  founda- 
'kui  ;  it  may  be  asked,  whether  the  recent  origin  of  man  lends  any 
upport  to  the  same  doctrine,  or  how  far  the  influence  of  man  may 
M  eoBsidered  as  such  a  deviation  from  the  analogy  of  the  order  of 
iiiiigs  previously  established,  as  to  weaken  our  confidence  in  the 
miformi^  of  the  course  of  nature. 

Antecedently  to  investigation^  we  might  reasonably  have  antici- 
lated  that  the  vestiges  of  man  would  have  been  traced  back  at  least 
18  far  as  those  modern  strata  in  which  all  the  testacea  and  a  certain 
Hunber  of  the  mammalia  are  of  existing  species,  for  of  all  the  mam- 
ulia  the  human  species  is  the  most  cosmopolite,  and  perhaps  more 
actable  than  any  other  of  surviving  considerable  vicissitudes  in 
ilimate,  and  in  the  physical  geography  of  the  globe. 

No  inhabitant  of  the  land  exposes  himself  to  so  many  dangers  on 
the  waters  as  man,  whether  in  a  savage  or  a  civilized  state*;  and 
here  is  no  animal,  therefore,  whose  skeleton  is  so  liable  to  become 
mbedded  in  lacustrine  or  submarine  deposits:  nor  can  it  be  said 
hat  his  remains  are  more  perishable  than  those  of  other  animals ; 
or  in  ancient  fields  of  battle,  as  Cuvier  has  observed,  the  bones  of 
nen  have  suffered  as  little  decomposition  as  those  of  horses  which 
rere  buried  in  the  same  grave.f  But  even  if  the  more  solid  parts 
i  our  species  had  disappeared,  the  impression  of  their  form  would 
tve  remained  engraven  on  the  rocks,  as  have  the  traces  of  the 
saderest  leaves  of  plants,  and  the  soft  integuments  of  many  animals. 
Forks  of  art,  moreover,  composed  of  the  most  indestructible  materials, 
oold  have  outlasted  almost  all  the  organic  contents  of  sedimentary 
)dka.  Edifices,  and  even  ^tire  cities,  have,  within  the  times  of 
istory,  been  buried  under  volcanic  ejections,  submerged  beneath  the 
%  or  engulphed  by  earthquakes ;  and  had  these  catastrophes  been 
peated  throughout  an  indefinite  lapse  of  ages,  the  high  antiquity  of 
an  would  have  been  inscribed  in  far  more  legible  characters  on  the 
amework  of  the  globe  than  are  the  forms  of  the  ancient  v^etation 
hieh  once  covered  the  islands  of  the  northern  ocean,  or  of  those 
gantie  reptiles  which  at  still  later  periods  peopled  the  seas  and 
rers  of  the  northern  hemisphere.]: 

.  •  See  ch.  48.  f  ^^  ♦  ^^ 
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Dr.  Prichard  has  argued  that  the  human  race  have  not  all 
existed  on  the  surface  of  the  earth,  because  ^'  the  strata  of  whidi 
continents  are  composed  were  once  a  part  of  the  ocean's  bed 
^'mankind  had  a  beginning,  since  we  can  look  back  to  the 
when  the  surface  on  which  they  lived  began  to  exist."  *    This 
however,  is  insufficient,  for  manj  thousands  of  human  beings 
dwell  in  various  quarters  of  the  globe  where  marine  species 
within  the  times  of  history,  and,  on  the  other  hand,  tiie  sea 
prevails  permanently  over  large  districts  once  inhabited  by  thoi 
of  human  beings.    Nor  can  this  interchange  of  sea  and  land 
cease  while  the  present  causes  are  in  existence.     Terrestrial 
therefore,  might  be  older  than  the  continents  which  they  inhabiti 
aquatic  species  of  higher  antiquity  than  the  lakes  and  seas  which  llj 
now  people.  , 

But  so  far  as  our  interpretation  of  physical  movements  has  | 
gone,  we  have  every  reason  to  infer  that  the  human  race  is  ezticn) 
modern,  even  when  compared  to  the  larger  number  of  species  now  i 
contemporaries  on  the  earth,  and  we  may,  therefore,  ask  whether  I 
creation  can  be  considered  as  one  step  in  a  supposed  prograii 
system,  by  which  the  organic  world  has  advanced  slowly  tnm 
more  simple  to  a  more  complex  and  perfect  state  ?  If  we  conoai 
for  a  moment^  the  truth  of  the  proposition,  that  the  sponge,  1 
cephalopod,  the  fish,  the  reptile,  the  bird,  and  the  mammifer  hi 
followed  each  other  in  regular  chronological  order,  the  creati 
of  each  class  being  separated  from  the  other  by  vast  intervals 
time,  should  we  be  able  to  recognize,  in  man's  entrance  upon  i 
earth,  the  last  term  of  one  and  the  same  series  of  progressives 
velopments  ? 

In  reply  to  this  question  it  should  first  be  observed,  that  1 
superiority  of  man  depends  not  on  those  faculties  and  attribo 
which  he  shares  in  common  with  the  inferior  animals,  but  on 
reason,  by  which  he  is  distinguished  from  them.  When  it  is  i 
that  the  human  race  is  of  far  higher  dignity  than  were  any  ( 
existing  beings  on  the  earth,  it  is  the  intellectual  and  moral  attribi 
of  our  race,  rather  than  the  physical,  which  are  considered ;  and  i 
by  no  means  clear  that  the  organization  of  man  is  such  as  wc 
confer  a  decided  pre-eminence  upon  him,  if,  in  place  of  his  reason 
p  )wers,  he  was  merely  provided  with  such  instincts  as  are  posses 
by  the  lower  animals. 

If  this  be  admitted,  it  would  not  follow,  even  if  there  were  si 
ci(*nt  geological  evidence  in  favour  of  the  theory  of  progressive  di 
lopment,  that  the  creation  of  man  was  the  last  link  in  the  same  cb 
For  the  sudden  passage  from  an  irrational  to  a  rational  animal, 
])henomenon  of  a  distinct  kind  from  the  passage  from  the  more  sin 
to  the  more  perfect  forms  of  animal  organization  and  instinct. 
pretend  that  such  a  step,  or  rather  leap,  can  be  part  of  a  regular  sc 

•  Phys.  Hist,  of  M;inkin(l,  vol.  ii.  p.  594. 
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if  duugetf  in  the  animal  world,  is  to  strain  analogy  beyond  all  reason- 
ddebonnds. 

tUroducHon  ofnuMj  to  what  extent  a  change  in  the  system,  —  But 
wittiag  atide  the  question  of  progressive  deyelopment,  another  and  a 
hr  more  difficult  one  may  arise  out  of  the  admission  that  man  U 
BOB^NntiTely  of  modern  origin.  Is  not  the  interference  of  the 
hnttn  species,  it  may  be  asked,  such  a  deviation  from  the  antecedent 
BOtne  of  physical  events,  that  the  knowledge  of  such  a  fact  tends  to 
kHroy  all  our  confidence  in  the  uniformity  of  the  order  of  nature, 
botili  in  regard  to  time  past  and  future  ?  If  such  an  innovation 
wM  take  place  after  the  earth  had  been  exclusively  inhabited  for 
liMNisands  of  ages  by  inferior  animals,  why  should  not  other  changes 
n  extraordinary  and  unprecedented  happen  from  time  to  time  ?  If 
MM  new  cause  was  permitted  to  supervene,  differing  in  kind  and 
Msrgy  from  any  before  in  operation,  why  may  not  others  have  come 
hto  action  at  different  epochs  ?  Or  what  security  have  we  that  they 
WKf  not  arise  hereafter  ?  And  if  such  be  the  case,  how  can  the  ex- 
pttienoe  of  one  period,  even  though  we  are  acquainted  with  all  the 
poisible  efiects  of  the  then  existing  causes,  be  a  standard  to  which  we 
Ctti  refer  all  natural  phenomena  of  other  periods  ? 

Now  these  objections  would  be  unanswerable,  if  adduced  against  one 
vho  was  contending  for  the  absolute  uniformity  throughout  all  time 
of  the  saccession  of  sublunary  events — -if,  for  example,  he  was  dis- 
posed to  indulge  in  the  philosophical  reveries  of  some  Egyptian  and 
Greek  sects,  who  represented  all  the  changes  both  of  the  moral  and 
■tterial  world  as  repeated  at  distant  intervals,  so  as  to  follow  each 
odier  in  their  former  connection  of  place  and  time.  For  they  com- 
pared the  course  of  events  on  our  globe  to  astronomical  cycles ;  and 
■ot  only  did  they  consider  all  sublunary  affairs  to  be  under  the 
hiuenoe  of  the  celestial  bodies,  but  they  taught  that  on  the  earth, 
M  well  as  in  the  heavens,  the  same  identical  phenomena  recurred 
igain  and  again  in  a  perpetual  vicissitude.  The  same  individual 
■ea  were  doomed  to  be  re-bom,  and  to  perform  the  same  actions  as 
before ;  the  same  arts  were  to  be  invented,  and  the  same  cities  built 
ad  destroyed.  The  Argonautic  expedition  was  destined  to  sail 
fain  with  the  same  heroes,  and  Achilles  with  his  Myrmidons  to 
mew  the  combat  before  the  walls  of  Troy. 

Alter  erit  torn  Tiphjs,  et  altera  qiue  vehat  Aigo 

DUectos  heroas ;  emnt  etiam  altera  bella, 

Atqae  itenim  ad  Trojam  magnns  mittetur  Achilles.  * 

Tlie  geologist,  hovrever,  may  condemn  these  tenets  as  absurd, 
rithont  running  into  the  opposite  extreme,  and  denying  that  the 
ider  of  nature  has,  from  the  earliest  periods,  been  uniform  in  the 
ime  sense  in  which  we  believe  it  to  be  uniform  at  present,  and 

•  Viigil,  Edog.  IT.    For  an  acconnt    Mind,  vol  ii  chap.  ii.  sect.  4.,  and  Plrich- 
r  then  doctrinea,  see  Dogald  Stewart's    ard*8  £gn>^  HTthol  p.  177. 
FUlosophy  of  the  Human 
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expect  it  to  remain  to  in  future.  We  have  no  reason  to  snppii 
that  when  man  first  became  master  of  a  small  part  of  the  glob%$ 
greater  change  took  place  in  its  physical  condition  than  is  m 
experienced  when  districts,  never  before  inhabited,  become  tacMI 
sivelj  occupied  bj  new  settlers.  When  a  powerful  European  ooloi 
lands  on  the  shores  of  Australia,  and  introduces  at  once  thoee  tf 
which  it  has  required  manj  centuries  to  mature ;  when  it  importl 
multitude  of  plants  and  lai^e  animab  from  the  opposite  extremi^  i 
the  earth,  and  begins  rapidlj  to  extirpate  man j  of  the  indigoMi 
species,  a  mightier  reyolution  is  effected  in  a  brief  period  than  i 
first  entrance  of  a  savage  horde,  or  their  continued  occupation  of  i 
country  for  many  centuries,  can  possibly  be  imagined  to  have  |i 
duced.  If  there  be  no  impropriety  in  assuming  that  the  systea 
uniform  when  disturbances  so  unprecedented  occur  in  certain  lofl 
ities,  we  can  with  much  greater  confidence  apply  the' same  langn^ 
to  those  primeval  ages  when  the  aggregate  number  and  power  of  i 
human  race,  or  the  rate  of  their  advancement  in  civilization^  moili 
supposed  to  have  been  far  inferior.  In  reasoning  on  the  state  of  I 
globe  immediately  before  our  species  was  called  into  existenoc^  i 
must  be  guided  by  the  same  rules  of  induction  as  when  we  speedl 
on  the  state  of  America  in  the  interval  that  elapsed  between  X 
introduction  of  man  into  Asia,  the  supposed  cradle  of  our  race,  a 
the  arrival  of  the  first  adventurers  on  the  shores  of  the  New  Woi 
In  that  interval,  we  imagine  the  state  of  things  to  have  gone 
according  to  the  order  now  observed  in  regions  unoccupied  by  m 
Even  now,  the  waters  of  lakes,  seas,  and  the  great  ocean,  which  le 
with  life,  may  be  said  to  have  no  immediate  relation  to  the  hiw 
race  —  to  be  portions  of  the  terrestrial  system  of  which  num  1 
never  taken,  nor  ever  can  take  possession  ;  so  that  the  greater  pari 
the  inhabited  surface  of  the  planet  may  still  remain  as  insensibk 
our  presence  as  before  any  isle  or  continent  was  appointed  to  be  < 
residence. 

If  the  barren  soil  around  Sydney  had  at  once  become  fertile  ii| 
the  landing  of  our  first  settlers  ;  if,  like  the  happy  isles  whereof 
poets  have  given  us  such  glowing  descriptions,  those  sandy  tn 
had  begun  to  yield  spontaneously  an  annual  supply  of  grain, 
might  then,  indeed,  have  fancied  alterations  still  more  remarki 
in  the  economy  of  nature  to  have  attended  the  first  coming  of 
species  into  the  planet.  Or  if,  when  a  volcanic  island  like  Isc 
was,  for  the  first  time,  brought  under  cultivation  by  the  enterp 
and  industry  of  a  Greek  colony,  the  internal  fire  had  become  c 
mant,  and  the  earthquake  had  remitted  its  destructive  violence,  tl 
would  then  have  been  some  ground  for  speculating  on  the  debilita) 
of  the  subterranean  forces,  when  the  earth  was  first  placed  oi 
the  dominion  of  man.  But  after  a  long  interval  of  rest,  the  vok 
bursts  forth  again  with  renewed  energy,  annihilates  one  half  of  thi 
habitants,  and  compels  the  remainder  to  emigrate.  The  course  of  nai 
remains  evidently  unchanged  ;  and,  in  like  manner,  we  may  suj^ 
the  general  condition  of  the  globe,  immediately  before  and  after 
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period  when  our  species  first  began  to  exist,  to  have  been  the  same^ 
with  the  exception  onlj  of  man's  presence. 

The  modifications  in  the  system  of  which  man  is  the  instmment 
do  not)  perhaps,  constitute  so  great  a  deviation  from  previous  analogy 
u  we  nsnally  imagine ;  we  often,  for  example,  form  an  exaggerated 
estimate  of  the  extent  of  our  power  in  extirpating  some  of  the  in- 
ferior animals,  and  causing  others  to  multiply ;  a  power  which  is 
eireiimscribed  within  certain  limits,  and  which,  in  all  likelihood,  is 
hy  no  means  exclusively  exerted  by  our  species.*  The  growth  of 
human  population  cannot  take  place  without  diminishing  the  num- 
ben^  or  causing  the  entire  destruction,  of  many  animals.  The  larger 
beasts  of  prey  in  particular  give  way  before  us;  but  other  quadrupeds 
of  smaller  size,  and  innumerable  birds,  insects,  and  plants,  which  are 
inimical  to  our  interests,  increase  in  spite  of  us,  some  attacking  our 
food,  others  our  raiment  and  persons,  and  others  interfering  with 
our  agricultural  and  horticultural  labours.  We  behold  the  rich 
harvest  which  we  have  raised  by  the  sweat  of  our  brow,  devoured  by 
myriads  of  insects,  and  are  often  as  incapable  of  arresting  their 
depfedations,  as  of  staying  the  shock  of  an  earthquake,  or  the  course 
of  a  stream  of  lava. 

A  great  philosopher  has  observed,  that  we  can  command  nature 
only  by  obe3ring  her  laws ;  and  this  principle  is  true  even  in  regard 
to  the  astonishing  changes  which  are  superinduced  in  the  qualities  of 
certain  animals  and  plants  by  domestication  and  garden  culture.  I 
shall  point  out  in  the  third  book  that  we  can  only  effect  such  sur- 
pirinng  alterations  by  assisting  the  development  of  certain  instincts,  or 
by  availing  ourselves  of  that  mysterious  law  of  their  organization, 
by  which  individual  peculiarities  are  transmissible  from  one  genera- 
tion to  another.f 

It  is  probable  from  these  ai^d  many  other  considerations,  that 
as  we  enlarge  our  knowledge  of  the  system,  we  shall  become  more 
and  more  convinced,  that  the  alterations  caused  by  the  interference 
of  man  deviate  far  less  from  the  analogy  of  those  effected  by  other 
animals  than  is  usually  supposed,  f  We  are  often  misled,  when  we 
institute  such  comparisons,  by  our  knowledge  of  the  wide  distinc- 
tion between  the  instincts  of  animals  and  the  reasoning  power  of 
man ;  and  we  are  apt  hastily  to  infer,  that  the  effects  of  a  rational 
and  irrational  species,  considered  merely  as  physical  agents^  will 
differ  almost  as  much  as  the  faculties  by  which  their  actions  are 
directed. 

It  is  not,  however,  intended  that  a  real  departure  from  the  antece- 
dent course  of  physical  events  cannot  be  traced  in  the  introduction 
of  man.  If  that  latitude  of  action  which  enables  the  brutes  to  ac- 
commodate themselves  in  some  measure  to  accidental  circumstances 
ooidd  be  imagined  to  have  been  at  any  former  period  so  great,  that 
the  operations  of  instinct  were  as  much  diversified  as  are  those  of 
human  reason,  it  might,  perhaps,  be  contended,  that  the  agency  of 

•  See  cb.  41.  t  S<^  ch.  35.  }  Sec  ch.  37,  28,  39.  41. 
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man  did  not  constitute  an  anomalous  deviation  from  the  previoiNl 
established  order  of  things.  It  might  then  have  been  said,  that  tli 
earth's  becoming  at  a  particular  period  the  residence  of  hniM 
beings,  was  an  era  in  the  moral,  not  in  the  physical  world — thl 
our  study  and  contemplation  of  the  earth,  and  the  laws  which  gov«i 
its  animate  productions,  ought  no  more  to  be  considered  in  the  1^ 
of  a  disturbance  or  deviation  from  the  system,  than  the  disooverj  4 
the  satellites  of  Jupiter  should  be  regarded  as  a  physical  event  aftol 
ing  those  heavenly  bodies.  Their  influence  in  advancing  the  pi9> 
gress  of  science  among  men,  and  in  aiding  navigation  and  oommenil 
was  accompanied  by  no  reciprocal  action  of  the  human  mind  apoi 
the  economy  of  nature  in  those  distant  planets ;  and  so  the  eartl 
might  be  conceived  to  have  become,  at  a  certain  period,  a  place  il 
moral  discipline  and  intellectual  improvement  to  man,  without  thl 
slightest  derangement  of  a  previously  existing  order  of  change  in  ill 
animate  and  inanimate  productions. 

The  distinctness,  however,  of  the  human  from  all  other  sped^f 
considered  merely  as  an  efficient  cause  in  the  physical  world,  is  rMl| 
for  we  stand  in  a  relation  to  contemporary  species  of  animals  tfl 
plants  widely  different  from  that  which  other  irrational  animals  cM 
ever  be  supposed  to  have  held  to  each  other.  We  modify  theb 
instincts,  relative  numbers,  and  geographical  distribution,  in  a  mo- 
ncr  superior  in  degree,  and  in  some  respects  very  difierent  in  kind 
from  that  in  which  any  other  species  can  affect  the  rest.  Besides,  the 
progressive  movement  of  each  successive  generation  of  men  caosei 
the  human  species  to  differ  more  from  itself  in  power  at  two  distaal 
periods,  than  any  one  species  of  the  higher  order  of  animals  differf 
from  another.  The  establishment,  therefore,  by  geological  evidenee 
of  the  first  intervention  of  such  a  peculiar  and  unprecedented  agencj 
long  after  other  parts  of  the  animate  and  inanimate  world  existed 
affords  ground  for  concluding  that  the  experience  during  thousand 
of  at^es  of  all  the  events  which  may  hap])en  on  this  globe,  would  m 
enable  a  philosopher  to  speculate  with  confidence  concerning  fatvi 
contingencies. 

If,  then,  an  intelligent  being,  after  observing  the  order  of  event 
for  an  indefinite  series  of  ages,  had  witnessed  at  last  so  wonderful  a 
innovation  as  this,  to  what  extent  would  his  belief  in  the  regularil 
of  the  system  be  weakened?  —  would  he  cease  to  assume  that  thei 
was  permanency  in  the  laws  of  nature  ?  —  would  he  no  longer  1 
guided  in  his  speculations  by  the  strictest  rules  of  induction  ?  1 
these  questions  it  may  be  answered,  that,  had  he  previously  pn 
sumed  to  dogmatise  respecting  the  absolute  uniformity  of  the  ordi 
of  nature,  he  would  undoubtedly  be  checked  by  witnessing  this  ne 
and  unexpected  event,  and  would  form  a  more  just  estimate  of  tl 
limited  range  of  his  own  knowledge,  and  the  unbounded  extent  < 
the  scheme  of  the  universe.  But  he  would  soon  perceive  that  i 
one  of  the  fixed  and  constant  laws  of  the  animate  or  inanimate  woii 
was  subverted  by  human  agency,  and  that  the   modifications 
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introduced  for  the  first  time  were  the  accompaniments  of  new  and 

ezteaoxdinmrj  circumstances,  and  those  not  of  a  phytical  but  a  moral 

The  deviation  permitted  would  also  appear  to  be  as  sligh^ 

consiBtent  with  the  accomplishment  of  the  new  moral  ends 

propoaedy  and  to  be  in  a  great  degree  temporary  in  its  nature,  so  that, 

wfaeaeyer  the  power  of  the  new  agent  was  withheld,  even  for  a  brief 

period,  a  relapse  would  take  place  to  the  ancient  state  of  things ;  the 

toiestieated  animal,  for  example,  recovering  in  a  few  generations  its 

wild  instinct,  and  the  garden-fiower  and  fruit-tree  reverting  to  the 

Bkenesa  of  the  parent  stock. 

Now,  if  it  would  be  reasonable  to  draw  such  inferences  with  respect 
to  the  future,  we  cannot  but  applj  the  same  rules  of  induction  to  the 
put  We  have  no  right  to  anticipate  any  modifications  in  the  results 
of  existing  causes  in  time  to  come,  which  are  not  conformable  to 
•iiilogj,  unless  thej  be  produced  bj  the  progressive  development  of 
bmnan  power,  or  perhaps  bj  some  other  new  relations  which  may 
hereafter  spring  up  between  the  moral  and  material  worlds.  In  the 
Mine  manner,  when  we  speculate  on  the  vicissitudes  of  the  animate 
ttd  inanimate  creation  in  former  ages,  we  ought  not  to  look  for  any 
UMuudous  results,  unless  where  man  has  interfered,  or  unless  clear 
ttdicationa  appear  of  some  other  moral  source  of  temporary  derange- 
ment. 


CHAPTER  X. 

8UFP06XD  INTENSITT  OF  AQUEOUS   FOBCES  AT  REMOTE  PERIODS. 

Intensity  of  aqneons  causes — Slow  accamnlatioii  of  strata  proved  bjr  fossils — Rote 
of  denadadon  can  only  keep  pace  with  deposition — Erratics,  and  effects  of  ice — 
Delngea,  and  the  causes  to  which  they  are  referred — Supposed  universality  of 

IntetuUjf  of  aqueous  causes,  —  The  great  problem  considered  in  the 
preceding  chapters,  namely,  whether  the  former  changes  of  the 
earth  made  known  to  us  by  geology,  resemble  in  kind  and  degree 
thoee  now  in  daily  progress,  may  still  be  contemplated  from  several 
other  points  of  view.  We  may  inquire,  for  example,  whether  there 
are  any  grounds  for  the  belief  entertained  by  many,  that  the  intensity 
both  oi  aqueous  and  of  igneous  forces,  in  remote  ages,  far  exceeded 
that  which  we  witness  in  our  own  times. 

Fintf  then,  as  to  aqueous  causes :  it  has  been  shown  in  our  history 
of  the  science,  that  Woodward  did  not  hesitate,  in  1695,  to  teach  that 
the  entire  mass  of  fossiliferous  strata  contained  in  the  earth's  crust 
had  been  deposited  in  a  few  months ;  and,  consequently,  as  their 
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mechanical  and  derivative  origin  was  already  admitted,  the  redaction 
of  rocky  masses  into  mud,  sand,  and  pebbles,  the  transportation  of  the 
|ame  to  a  distance,  and  their  accumulation  elsewhere  in  regular 
strata,  were  all  assumed  to  have  taken  place  with  a  rapidity  unparal- 
leled  in  modem  times.  This  doctrine  was  modified  by  degrees,  in 
proportion  as  different  classes  of  organic  remains,  such  as  shells, 
corals,  and  fossil  plants,  had  been  studied  with  attention.  Analogy 
led  every  naturalist  to  assume,  that  each  full-grown  individual  of  the 
animal  or  vegetable  kingdom,  had  required  a  certain  number  of 
months  or  years  for  the  attainment  of  maturity,  and  the  perpetuation 
of  its  species  by  generation ;  and  thus  the  first  approach  was  made  to 
the  conception  of  a  common  standard  of  time,  without  which  there 
are  no  means  whatever  of  measuring  the  comparative  rate  at  which 
any  succession  of  events  has  taken  place  at  two  distinct  periods. 
Tliis  standard  consisted  of  the  average  duration  of  the  lives  of  indi- 
viduals of  the  same  genera  or  families  in  the  animal  and  v^etabla 
kingdoms ;  and  the  multitude  of  fossils  dispersed  through  suooetnve 
strata  implied  the  continuance  of  the  same  species  for  many  genera- 
tions. At  length  the  idea  that  species  themselves  had  had  a  limited 
duration,  arose  out  of  the  observed  fact  that  sets  of  strata  of  different 
ages  contained  fossils  of  distinct  species.  Finally,  the  opinion  became 
general,  that  in  the  course  of  ages,  one  assemblage  of  animals 
and  plants  had  disappeared  after  another  again  and  again,  and  new 
tribes  had  started  into  life  to  replace  them. 

Denudation.  —  In  addition  to  the  proofs  derived  from  organic 
remains,  the  forms  of  stratification  led  also,  on  a  fuller  investigation, 
to  the  belief  that  sedimentary  rocks  had  been  slowly  deposited ;  but 
it  was  still  supposed  that  demtdationj  or  the  power  of  running  water, 
and  the  waves  and  currents  of  the  ocean,  to  strip  off  superior  strata, 
and  lay  bare  the  rocks  below,  had  formerly  operated  with  an  energy 
Avholly  unequalled  in  our  times.  These  opinions  were  both  illogical 
and  inconsistent,  because  deposition  and  denudation  are  parts  of  the 
same  process,  and  what  is  true  of  the  one  must  be  true  of  the  other. 
Their  speed  must  be  always  limited  by  the  same  causes,  and  the  con- 
veyance of  solid  matter  to  a  particular  region  can  only  keep  pact 
with  its  removal  from  another,  so  that  the  aggregate  of  sedimentary 
strata  in  the  earth's  crust  can  never  exceed  in  volume  the  amount  o: 
solid  matter  which  has  been  ground  down  and  washed  away  bj 
running  water.  How  vast  then  must  be  the  spaces  which  thL 
abstraction  of  matter  has  left  vacant !  how  far  exceeding  in  dimen 
sions  all  the  valleys,  however  numerous,  and  the  hollows,  bowevej 
vast,  which  we  can  prove  to  have  been  cleared  out  by  aqueou 
erosion  I  The  evidences  of  the  work  of  denudation  are  defective 
because  it  is  the  nature  of  every  destroying  cause  to  obliterate  thi 
signs  of  its  own  agency ;  but  the  amount  of  reproduction  in  the  fom 
of  sedimentary  strata  must  always  afford  a  true  measure  of  the  mini 
mum  of  denudation  which  the  earth's  surface  has  undergone. 

Erratics,  —  The  next  phenomenon  to  which  the  advocates  of  th< 
excessive  ])ower  of  running  water  in  times  past  have  appealed,  is  tb 
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enormoas  size  of  the  blocks  called  erraiics  which  lie  scattered  over 
the  northern  parts  of  Europe  and  North  America.  Unquestionably 
a  large  proportion  of  these  blocks  have  been  transported  far  from 
their  original  position,  for  between  them  and  the  parent  rocks  we 
now  find,  not  unfirequently,  deep  seas  and  valleys  intervening,  or 
hills  more  than  a  thousand  feet  high.  To  explain  the  present 
situation  of  such  travelled  fragments,  a  deluge  of  mud  has  been 
imagined  by  some  to  have  come  from  the  north,  bearing  along  with 
it  sand,  gravel,  and  stony  fragments,  some  of  them  hundreds  of  tons 
in  weight.  This  flood,  in  its  transient  passage  over  the  continents, 
dispersed  the  boulders  irregularly  over  hill,  valley,  and  plain ;  or 
forced  them  along  over  a  surface  of  hard  rock,  so  as  to  polish  it 
and  leave  it  indented  with  parallel  scratches  and  grooves, — such 
markings  as  are  still  visible  in  the  rocks  of  Scandinavia,  Scotland, 
Canada,  and  many  other  countries. 

There  can  be  no  doubt  that  the  myriads  of  angular  and  rounded 
blocks  above  alluded  to,  cannot  have  been  borne  along  by  ordinary 
rivers  or  marine  currents,  so  great  is  their  volume  and  weight,  and 
BO  clear  are  the  signs,  in  many  places,  of  time  having  been  occupied 
in  their  successive  deposition;  for  they  are  often  distributed  at 
various  depths  through  heaps  of  regularly  stratified  sand  and  gravel. 
No  wavea  of  the  sea  raised  by  earthquakes,  nor  the  bursting  of  lakes 
dammed  up  for  a  time  by  landslips  or  by  avalanches  of  snow,  can 
account  for  the  observed  facts;  but  I  shall  endeavour  to  show,  in 
the  next  book,  chap.  16.*,  that  a  combination  of  existing  causes  may 
have  conveyed  erratics  into  their  present  situations. 

The  causes  which  will  be  referred  to  are,  first,  the  carrying  power 
of  ice^  combined  with  that  of  running  water ;  and  second,  the  upward 
movement  of  the  bed  of  the  sea,  converting  it  gradually  into  land. 
Without  entering  at  present  into  any  details  respecting  these  causes, 
I  may  mention  that  the  transportation  of  blocks  by  ice  is  now 
simultaneously  in  progress  in  the  cold  and  temperate  latitudes,  both 
of  the  northern  and  southern  hemisphere,  as,  for  example,  on  the 
coasts  of  Canada  and  Gulf  of  St.  Lawrence,  and  also  in  Chili,  Fata* 
gonia,  and  the  island  of  South  Greorgia.  In  those  regions  the  uneven 
bed  of  the  ocean  is  becoming  strewed  over  with  ice-drifted  fragments, 
which  have  either  stranded  on  shoals,  or  been  dropped  in  deep  water 
by  melting  bergs.  The  entanglement  of  boulders  in  drift  ice  will  also 
be  shown  to  occur  annually  in  North  America,  and  these  stones,  when 
finnly  frozen  into  ice,  wander  year  after  year  from  Labrador  to  the 
St.  Lawrence,  and  reach  points  of  the  western  hemisphere  farther 
sooth  than  any  part  of  Great  Britain. 

The  general  absence  of  erratics  in  the  wanner  parts  of  the 
equatorial  regions  of  Asia,  Africa,  and  America,  confirms  the  same 
views.  As  to  the  polishing  and  grooving  of  hard  rocks,  it  has 
lately  been  ascertained  that  glaciers  give  rise  to  these  effects  when 
pnaldng  forward  sand,  pebbles,  and  rocky  fragments,  and  causing 

.  4    .  ^  See  alio  Manual  of  Geology,  ch.  11, 12. 
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them  to  grate  along  the  bottom.  Nor  can  there  be  any  reasonable 
doubt  that  icebergs,  when  they  run  aground  on  the  floor  of  the  ocean, 
must  imprint  similar  marks  upon  it. 

It  is  unnecessary,  therefore,  to  refer  to  deluges,  or  even  to  speculate 
on  the  former  existence  of  a  climate  more  severe  than  that  now 
prevailing  in  the  western  hemisphere,  to  explain  the  geographical 
distribution  of  most  of  the  European  erratics. 

Deluges, — As  deluges  have  been  often  alluded  to,  I  shall  say 
something  of  the  causes  which  may  be  supposed  to  give  rise  to  these 
grand  movements  of  water  in  addition  to  those  already  alluded  to(p.9.). 
Geologists  who  believe  that  mountain-chains  have  been  thrown  up 
suddenly  at  many  successive  epochs,  imagine  that  the  waters  of  the 
ocean  may  be  raised  by  these  convulsions,  and  then  break  in  terrific 
waves  upon  the  land,  sweeping  over  whole  continents,  hollowing  out 
valleys,  and  transporting  sand,  gravel,  and  erratics,  to  great  distances. 
The  sudden  rise  of  the  Alps  or  Andes,  it  is  said,  may  have  produced 
a  flood  even  subsequently  to  the  time  when  the  earth  became  the 
residence  of  man.  But  it  seems  strange  that  none  of  the  writers  who 
have  indulged  their  imaginations  in  conjectures  of  this  kind,  should 
have  ascribed  a  deluge  to  the  sudden  conversion  of  part  of  the  un- 
fathomable ocean  into  a  shoal  rather  than  to  the  rise  of  mountain- 
chains.  In  the  latter  case,  the  mountains  themselves  could  do  no 
more  than  displace  a  certain  quantity  of  atmospheric  air,  whereas,  the 
instantaneous  formation  of  the  shoal  would  displace  a  vast  body  of 
water,  which  being  heaved  up  to  a  great  height  might  roll  over  and 
permanently  submerge  a  large  portion  of  a  continent. 

If  we  restrict  ourselves  to  combinations  of  causes  at  present 
known,  it  would  seem  that  the  two  principal  sources  of  extraordinary 
inundations  are,  first,  the  escape  of  the  waters  of  a  large  lake  raised 
far  above  the  sea ;  and,  secondly,  the  pouring  down  of  a  marine 
current  into  lands  depressed  below  the  mean  level  of  the  ocean. 

As  an  example  of  the  first  of  these  coses,  we  may  take  Lake 
Superior,  which  is  more  than  400  geographical  miles  in  length  and 
about  J  50  in  breadth,  having  an  average  depth  of  from  500  to  900 
feet.  The  surface  of  this  vast  body  of  fresh  water  is  no  less  than 
600  feet  above  the  level  of  the  ocean  ;  the  lowest  part  of  the  barrier 
which  separates  the  lake  on  its  south-west  side  from  those  streams 
which  flow  into  the  head  waters  of  the  Mississippi  being  about  600 
feet  high.  If,  therefore,  a  series  of  subsidences  should  lower  any  part 
of  this  barrier  600  feet,  any  subsequent  rending  or  depression,  even  of 
a  few  yards  at  a  time,  would  allow  the  sudden  escape  of  vast  floods 
of  water  into  a  hydrographical  basin  of  enormous  extent.  If  the  event 
happened  in  the  dry  season,  when  the  ordinary  channels  of  the  Mis- 
sissippi and  its  tributaries  are  in  a  great  degree  empty,  the  inundation 
might  not  be  considerable;  but  if  in  the  flood-season,  a  region  capable 
of  supporting  a  population  of  many  millions  might  be  suddenly  sub- 
merged. But  even  this  event  would  be  insufilcient  to  cause  a  violent 
rush  of  water,  and  to  produce  those  effects  usually  called  diluvial ;  for 
the  difference  of  level  of  600  feet  between  Lake  Superior  and  the 
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Gulf  of  Mexico,  when  distributed  over  a  distance  of  1800  miles, 
Would  give  an  average  fall  of  only  four  inches  per  mile. 

The  second  case  before  adverted  to  is  where  there  are  large  tracts 
of  dry  land  beneath  the  mean  level  of  the  ocean.     It  seems,  after 
much  controyersj,  to  be  at  length  a  settled  point,  that  the  Caspian  is 
really  83  feet  6  inches  lower  than  the  Black  Sea*    As  the  Caspian 
coyers  an  area  about  equal  to  that  of  Spain,  and  as  its  shores  are  in 
general  low  and  flat,  there  must  be  many  thousand  square  miles  of 
oountry  less  than  83  feet  above  the  level  of  that  inland  sea,  and 
ooDsequently  depressed  below  the  Black   Sea  and  Mediterranean. 
This  area  includes  the  site  of  the  populous  city  of  Astrakhan  and 
other  towns.    Into  this  region  the  ocean  would  pour  its  waters  if, 
't.he  land  now  intervening  between  the  Sea  of  Azof  and  the  Caspian 
should  subside.    Yet,  even  if  this  event  should  occur,  it  is  most 
probable  that  the  submergence  of  the  whole  region  would  not  be  ac- 
complished  simultaneously,  but  by  a  series  of  minor  floods,   the 
wnking  of  the  barrier  being  gradual.* 

Supposed  universality  of  ancient  deposits, — The  next  fallacy  which 

lias  helped  to  perpetuate  the  doctrine  that  the  operations  of  water 

^^ere  on  a  difierent  and  grander  scale  in  ancient  times,  is  founded  on 

the  indefinite  areas  over  which  homogeneous  deposits  were  supposed 

to  extents    No  modern  sedimentary  strata,  it  is  said,  equally  identical 

in  mineral  character  and  fossil  contents,  can  be  traced  continuously 

from  one  quarter  of  the  globe  to  another.    But  the  first  propagators 

of  these  opinions  were  very  slightly  acquainted  with  the  inconstancy 

in  mineral  composition  of  the  ancient   formations,  and  equally  so 

of  the  wide  spaces  over  which  the  same  kind  of  sediment  is  now 

actually  distributed  by  rivers  and  currents  in  the  course  of  centuries. 

The  persistency  of  character  in  the  older  series  was  exaggerated, 

its  extreme  variability  in  the  newer  was  assumed  without  proof.    In 

the  chapter  which  treats  of  river-deltas  and  the  dispersion  of  sediment 

by  currents,  and  in  the  description  of  reefs  of  coral  now  growing 

*  It  has  been  suspected  ever  since  the  Azof,  which  commnnicates  with  the  Black 
middle  of  the  last  century,  that  the  Cas-  Sea,  was  actually  lower  than  the  Cas- 
pian was  lower  than  the  ocean,  it  being  pian  I  Other  statements,  no  less  con- 
known  that  in  Astrakhan  the  mercury  in  tradictory,  having  been  made  by  other 
the  barometer  generally  stands  above  observers,  the  Russian  government  at 
thirty  inches.  In  1811,  MM.£ngelhardt  length  directed  the  Academy  of  St. 
and  Parrot  attempted  to  determine  the  Petersburg  to  send  an  expedition,  in 
exact  amount  of  difference  by  a  series  1836,  to  decide  the  point  hy  a  trigono- 
of  levellings  and  barometrical  measure-  metrical  survey,  from  which  it  appeared 
ments  across  the  isthmus  at  two  different  that  the  Caspian  is  101  Russian,  or  108 
places  near  the  foot  of  Mount  Caucasus.  English,  feet  lower  than  the  Black  Sea. 
The  result  of  their  operations  led  them  (For  authorities,  see  Joum.  Roy.  Geo- 
to  Uie  opinion  that  the  Caspian  was  more  graph.  Soc  voL  viii.  p.  135.)  Sir  R. 
than  300  feet  below  the  Black  Sea.  But  Murchison,  however,  concludes,  in  1845, 
the  correctness  of  the  ohservadons  having  from  the  hest  Russian  authorities,  that 
afterwards  heen  called  in  question,  M.  the  depression  of  the  Caspian  is  only  83 
PtfTot  revisited  the  ground  in  1829  and  feet  6  inches. 

1890,  and  inferred  from  new  levellings,  The  measurements  of  Major  Anthony 

that  the  mouth  of  the  Don  was  between  Symonds,  since   confirmed  by  French 

three  and  four  feet  lower  than  that  of  the  authorities,  make  the  Dead  Sea  to  be 

Wo^ ;  in  other  words,  that  the  sea  of  1200  feet  below  Uie  Mediterranean. 
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over  areas  many  hundred  miles  in  length,  I  shall  have  opportaidties 
of  convincing  the  reader  of  the  danger  of  hasty  generalizations  on 
this  head. 

In  regard  to  the  imagined  universality  of  particular  rocks  of 
ancient  date,  it  was  almost  unavoidahle  that  this  notion,  when  once 
embraced,  should  be  perpetuated ;  for  the  same  kinds  of  rock  have 
occasionally  been  reproduced  at  successive  epochs :  and  when  once 
the  agreement  or  disagreement  in  mineral  character  alone  was  relied 
on  as  the  test  of  age,  it  followed  that  similar  rocks,  if  found  even  at 
the  antipodes,  were  referred  to  the  same  era,  until  the  contrary  could 
be  shown. 

Now  it  is  usually  impossible  to  combat  such  an  assumption  on 
geological  grounds,  so  long  as  we  are  imperfectly  acquainted  with  the 
order  of  superposition  and  the  organic  remains  of  these  same  forma- 
tions.   Thus,  for  example,  a  group  of  red  marl  and  red  sandstone^ 
containing  salt  and  gypsum,  being  interposed  in  England  between  the 
Lias  and  the  Coal,   all  other  red  marls  and  sandstones,  associated 
some  of  them  with  salt,  and  others  with  gypsum,  and  occurring  not 
only  in  different  parts  of  Europe,  but  in  North  America,  Peru,  India, 
the  salt  deserts  of  Asia,  those  of  Africa — in  a  word,  in  every  quarter 
of  the  globe,  were  referred  to  one  and  the  same  period.     The  burden  . 
of  proof  was  not  supposed  to  rest  with  those  who  insisted  on  the 
identity  in  age  of  all  these  groups — their  identity  in  mineral  com- 
position was  thought  sufficient.    It  was  in  vain  to  urge  as  an  olgeo- 
tion  the  improbability  of  the  hypothesis  which  implies  that  all  the 
moving  waters  on  the  globe  were  once  simultaneously  charged  with 
sediment  of  a  red  colour. 

But  the  rashness  of  pretending  to  identify,  in  age,  all  the  red 
sandstones  and  marls  in  question,  has  at  length  been  sufficiently 
exposed,  by  the  discovery  that,  even  in  Europe,  they  belong  decidedly 
to  many  different  epochs.  It  is  already  ascertained,  that  the  red 
sandstone  and  red  marl  containing  the  rock-salt  of  Cardona  ia 
Catalonia  is  newer  than  the  Oolitic,  if  not  more  modern  than  the 
Cretaceous  period  It  is  also  known  that  certain  red  marls  and  varie- 
gated  sandstones  in  Auvergnc  which  are  undistinguishable  in  mineral 
composition  from  the  New  Red  Sandstone  of  English  geologists,  be- 
long, nevertheless,  to  the  Eocene  period :  and,  lastly,  the  gypseous  red 
marl  of  Aix,  in  Provence,  formerly  supposed  to  be  a  marine  secondary 
group,  is  now  acknowledged  to  be  a  tertiary  freshwater  formation. 
In  Nova  Scotia  one  great  deposit  of  red  marl,  sandstone,  and  gypsum, 
precisely  resembling  in  mineral  character  tlie  **  New  Red"  of  Elngland, 
occurs  as  a  member  of  the  Carboniferous  group,  and  in  the  United 
States  near  the  Falls  of  Niagara,  a  similar  formation  constitutes  a 
subdivision  of  the  Silurian  series.* 

Nor  was  the  nomenclature  commonly  adopted  in  geology  without 
its  influence  in  perpetuating  the  erroneous  doctrine  of  universal 
formations.     Such  names,  for  example,  as  Chalk,  Green  Sand,  Oolite^ 

•  Sjc  Lyell's  Travels  in  N.  America,  ch.  2.  and  25. 


CK.X.]  OF  AQUEOUS  0AU8ES.  159 

Bed  Marly  Coa],  and  others,  were  given  to  some  of  the  principal 
fosnliferpns  groups  in  consequence  of  mineral  peculiarities  which 
happened  to  characterise  them  in  the  countries  where  they  were  first 
ttodiecL  When  geologists  had  at  length  shown,  by  means  of  fossils 
and  the  order  of  superposition,  that  other  strata,  entirely  dissimilar 
in  oolonr,  texture,  and  composition,  were  of  contemporaneous  date, 
it  was  thought  convenient  still  to  retain  the  old  names.  That  these 
were  often  ini4>propriate  was  admitted ;  but  the  student  was  taught  to 
nnderstand  them  in  no  other  than  a  chronological  sense ;  so  that  the 
Chalk  might  not  be  a  white  cretaceous  rock,  but  a  hard  dolomitic 
limestone,  as  in  the  Alps,  or  a  brown  sandstone  or  green  marl,  as  in 
New  Jersey,  U.S.  In  like  manner,  the  Green  Sand,  it  was  said, 
might  in  some  places  be  represented  by  red  sandstone,  red  marl,  salt, 
and  gypsum,  as  in  the  north  of  Spain.  So  the  oolitic  texture  was 
declared  to  be  rather  an  exception  than  otherwise  to  the  general  rule 
in  I  rocks  of  the  Oolitic  period ;  and  it  often  became  necessary  to 
affirm  that  no  particle  of  carbonaceous  matter  could  be  detected  in 
districts  where  the  true  Coal  series  abounded.  In  spite  of  every 
precaution  the  habitual  use  of  this  language  could  scarcely  fail  to 
instil  into  the  mind  of  the  pupil  an  idea  that  chalk,  coal,  salt,  red 
marl,  or  the  Oolitic  structure  were  far  more  widely  characteristic  of 
the  rocks  of  a  given  age  than  was  really  the  case. 

There  is  still  another  cause  of  deception,  disposing  us  to  ascribe  a 
more  limited  range  to  the  newer  sedimentary  formations  as  compared 
to  the  older,  namely,  the  very  general  concealment  of  the  newer  strata 
beneath  the  waters  of  lakes  and  seas,  and  the  wide  exposure  above 
Waters  of  the  more  ancient.     The   Chalk,   for  example,  now  seen 
stretching  for  thousands  of  miles  over  different  parts  of  Europe,  has 
become  visible  to  us  by  the  effect,  not  of  one,  but  of  many  distinct 
series  of  subterranean  movements.     Time  has  been  required,  and  a 
succession  of  geological  periods,  to  raise  it  above  the  waves  in  so 
many  regions ;  and  if  calcareous  rocks  of  the  middle  and  upper  ter- 
tiary periods  have  been  formed,  as  homogeneous  in  mineral  com- 
position throughout  equally  extensive  regions,  it  may  require  con- 
Tolsions  as  numerous  as  all  those  which   have  occurred  since  the 
origin  of  the  Chalk  to  bHng  them  up  within  the  sphere  of  human 
observation.     Hence  the  rocks  of  more  modern  periods  may  appear 
partial,  as  compared  to  those  of  remoter  eras,  not  because  of  any 
originai  inferiority  in  their  extent,  but  because  there  has  not  been 
sufficient  time  since  their  origin  for  the  development  of  a  great  series 
of  elevBtory  movements. 

In  r^ard,  however,  to  one  of  the  most  important  characteristics  of 
sedimentary  rocks,  their  organic  remains,  many  naturalists  of  high 
authcuity  have  maintained  that  the  same  species  of  fossils  are  more 
muibnoly  distributed  through  formations  of  high  antiquity  than  in  those 
of  more  modem  date,  and  that  distinct  zoological  and  botanical  pro- 
vinces, as  they  are  called,  which  form  so  striking  a  feature  in  the  living 
creation,  were  not  established  at  remote  eras.  Thus  the  plants  of  the 
Coal,  Uie  shells,  and  trilobites  of  the  Silurian  rocks,  and  t  monites 
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of  the  Oolite,  have  been  supposed  to  have  a  wider  geographical  nuig» 
tlian  any  li  vi  ng  species  of  plants,  crustaceans,  or  mollusks.  This  opiiiioa 
seems  in  certain  cases  to  be  well  founded,  especially  in  relation  to  the 
plants  of  the  carboniferous  epoch,  owing  probably  to  the  more  nnifoni 
temperature  of  the  globe,  at  a  time  when  the  position  of  sea  ind 
land  was  less  favourable  to  variations  in  climate,  according  to  prin* 
ciples  already  explained  in  the  seventh  and  eighth  chapters.  Bat  i 
recent  comparison  of  the  fossils  of  North  American  rocks  witk 
those  of  corresponding  ages  in  the  European  series,  has  proved 
that  the  terrestrial  vegetation  of  the  Carboniferous  epoch  is  aa 
exception  to  the  general  rule,  and  that  the  fauna  and  flora  of  the 
earth  at  successive  periods,  from  the  oldest  Silurian  to  the  neweit 
Tertiary  was  as  diversified  as  now.  The  shells,  corals,  and  otbtf 
classes  of  organic  remains  demonstrate  the  fact  that  the  earth  might 
then  have  been  divided  into  separate  zoological  provinces,  in  a  maoncr 
analogous  to  that  observed  in  the  geographical  distribution  of  speciei 
now  living. 


CHAPTER  XI. 

ON  THE   SUPPOSED   FORMER  INTENSITY  OF   THE   IGNEOUS   FORCES. 

Volcanic  action  at  successive  geolojjical  periods — Plutonic  rocks  of  different  igei 
—  Gradual  development  of  subterranean  moTcments — Faults  —  Doctrine  of  th« 
sudden  upheaval  of  parallel  mountain-chains — Objections  to  the  proof  of  tlie 
suddenness  of  the  upheaval,  and  the  contemporaneousness  of  parallel  chaiiis — 
Trains  of  active  volanos  not  parallel  —  As  larpje  tracts  of  land  are  rising  or 
sinking  slowly,  so  narrow  zones  of  lanil  may  be  pushed  up  graduallj  to  grett 
heights  —  Ik-nding  of  strata  by  lateral  pressure — Adequacy  of  the  Tolcuue 
jH>wer  to  eflect  this  without  paroxysmal  convuhjious. 

"When  reasoning  on  the  intensity  of  volcanic  action  at  former  periods^ 
as  well  as  on  the  power  of  moving  water,  already  treated  of,  g^eo- 
logists  have  been  ever  prone  to  represent  Nature  as  having  been 
prodigal  of  violence  and  parsimonious  of  time.  Now,  although  it  is 
less  easy  to  determine  the  relative  ages  of  the  volcanic  than  of  tb6 
fossiliferous  formations,  it  is  undeniable  that  igneous  rocks  have  been 
produced  at  all  geological  periods,  or  as  often  as  we  find  distinct 
deposits  marked  by  peculiar  animal  and  vegetable  remains.  It  can 
be  shown  that  rocks  commonly  called  trappcan  have  been  injected 
into  ri>sures,  and  ejected  at  the  surface,  both  before  and  during  the 
deposition  of  the  Carboniferous  series,  and  at  the  time  when  the 
Magncsian  Limestone,  and  when  the  Upper  New  lied  Sandstone  were 
formed,  or  when  the  Lias,  Oolite,  Green  Sand,  Chalk,  and  the  several 
tertiary  groups  newer  than  the  chalk,  originated  in  succession.    Nor 
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is  this  all ;  distinct  volcanic  products  may  be  referred  to  the  sub- 
erdinate  divisions  of  each  period,  such  as  the  Carboniferous,  as  in  the 
eoQDty  of  Fife,  in  Scotland,  where  certain  masses  of  contemporaneous 
trap  are  associated  with  the  Lower,  others  with  the  Upper  Coal- 
measures.  And  if  one  of  these  masses  is  more  minotelj  examined,  we 
find  it  to  consist  of  the  products  of  a  great  manj  successive  outbursts, 
bj  which  scorifls  and  lava  were  again  and  again  emitted,  and  afterwards 
consolidated,  then  fissured,  and  finally  traversed  by  melted  matter 
eoQstituting  what  are  called  dikes.*  As  we  enlarge,  therefore,  our 
knowledge  of  the  ancient  rocks  formed  by  subterranean  heat,  we  find 
ODTselves  compelled  to  regard  them  as  the  aggregate  effects  of  innu- 
merable eruptions,  each  of  which  may  have  been  comparable  in 
Tiolence  to  those  now  experienced  in  volcanic  regions. 

It  may  indeed  be  said  that  we  have  as  yet  no  data  for  estimating 
the  relative  volume  of  matter  simultaneously  in  a  state  of  fusion  at  two 
giren  periods,  as  if  we  were  to  compare  the  columnar  basalt  of  Staffa 
and  its  environs  with  the  lava  poured  out  in  Iceland  in  1783 ;  but  for 
this  very  reason  it  would  be  rash  and  unphilosophical  to  assume  an 
excess  of  ancient  as  contrasted  with  modem  outpourings  of  melted 
matter  at  particular  periods  of  time.f    It  would  be  still  more  pre- 
smnptuous  to  take  for  granted  that  the  more  deep-seated  effects  of 
subterranean  heat  surpassed  at  remote  eras  the  corresponding  effects 
of  internal  heat  in  our  own  times.     Certain  porphyries  and  granites, 
and  all  the  rocks  commonly  called  plutonic,  are  now  generally  sup- 
posed to  have  resulted  from  the  slow  cooling  of  materials  fused  and 
solidified  under  great  pressure ;  and  we  cannot  doubt  that  beneath 
existing  volcanos  there  are  large  spaces  filled  with  melted  stone,  which 
most  for  centuries  remain  in  an  incandescent  state,  and  then  cool  and 
become  hard  and  crystalline  when  the  subterranean  heat  shall  be  ex- 
hausted.    That  lakes  of  lava  are  continuous  for  hundreds  of  miles 
beneath  the  Chilian  Andes,  seems  established  by  observations  made 
in  the  year  1836.^ 

Now,  wherever  the  fluid  contents  of  such  reservoirs  are  poured  out 
luccessively  from  craters  in  the  open  air,  or  at  the  bottom  of  the  sea, 
he  matter  so  ejected  may  afford  evidence  by  its  arrangement  of 
laving  originated  at  different  periods ;  but  if  the  subterranean  residue 
iter  the  withdrawal  of  the  heat  be  converted  into  crystalline  or  plu- 
onic  rock,  the  entire  mass  ;nay  seem  to  have  been  formed  at  once, 
lowever  countless  the  ages  required  for  its  fusion  and  subsequent  re- 
ngeration.  As  the  idea  that  all  the  granite  in  the  earth's  crust  was 
traduced  simultaneously,  and  in  a  primitive  state  of  the  planet,  has 
low  been  universally  abandoned ;  so  the  suggestion  above  adverted 
o,  may  put  us  on  our  guard  against  too  readily  adopting  another 
opinion,  namely,  that  each  large  mass  of  granite  was  generated  in  a 
irief  period  of  time. 
Modem  writers  indeed,  of  authority,  seem  more  and  more  agreed 

•  See  Kaoual  of  Geology,  chap.  29.       f  See  ch.  26.  infrd, 
o  89.  iodngiTB.  t  See  ch.  27.  infid, 
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that  in  the  case  of  granitic  rocks,  the  passage  from  a  liquid  or  pasty 
to  a  solid  and  crystalline  state  must  have  been  an  extremely  gradoil 
process. 

The  doctrine  so  much  insisted  upon  formerly,  that  crystalline  rodu^ 
such  as  granite,  gneiss,  mica-schist,  quartzite,  and  others  were  pro- 
duced in  the  greatest  abundance  in  the  earlier  ages  of  the  planet,  tnd 
that  their  formation  has  ceased  altogether  in  our  own  times,  will  be 
controverted  in  the  next  chapter. 

Gradual  development  of  subterranean  movements. — The  extreme 
violence  of  the  subterranean  forces  in  remote  ages  has  been  often  in- 
ferred from  the  facts  that  the  older  rocks  are  more  fractured  and 
dislocated  than  the  newer.  But  what  other  result  could  we  ht^ 
anticipated  if  the  quantity  of  movement  had  been  alwajrs  eqotl 
in  equal  periods  of  time  ?  Time  must,  in  that  case,  multiply  the  de- 
rangement of  strata  in  the  ratio  of  their  antiquity.  Indeed  the 
numerous  exceptions  to  the  above  rule  which  we  find  in  nature,  pre- 
sent at  first  sight  the  only  objection  to  the  hypothesis  of  uniformitj* 
For  the  more  ancient  formations*  remain  in  many  places  horizontili 
while  in  others  much  newer  strata  are  curved  and  verticaL  Thii 
apparent  anomaly,  however,  will  be  seen  in  the  next  chapter  to  depend 
on  the  irregular  manner  in  which  the  volcanic  and  subterraneaa 
agency  affect  different  parts  of  the  earth  in  succession,  being  often 
renewed  again  and  again  in  certain  areas,  while  others  remain  during 
the  whole  time  at  rest. 

That  the  more  impressive  effects  of  subterranean  power,  such  M 
the  upheaval  of  mountain-chains,  may  have  been  due  to  multiplied 
convulsions  of  moderate  intensity  rather  than  to  a  few  paroxysmal 
explosions,  will  appear  the  less  improbable  when  the  gradual  and  inter- 
mittent development  of  volcanic  eruptions  in  times  past  is  once  esta- 
blished. It  is  now  very  generally  conceded  that  these  eruptions  have 
their  source  in  the  same  causes  as  those  which  give  rise  to  the  perma- 
nent elevation  and  sinking  of  land ;  the  admission,  therefore,  that  one 
of  the  two  volcanic  or  subterranean  processes  has  gone  on  graduallv 
draws  with  it  the  conclusion  that  the  effects  of  the  other  have  been 
elaborated  by  successive  and  gradual  efforts. 

Faults. — The  same  reasoning  is  applicable  to  grent  faults,  or  those 
striking  instances  of  the  upthrow  or  downthrow  of  large  masses  of 
rock,  which  have  been  thought  by  some  to  imply  tremendous  catastro- 
phes wholly  foreign  to  the  ordinary  course  of  nature.  Thus  we  have 
in  England  faults,  in  which  the  vertical  displacement  is  between  600 
and  3000  feet,  and  the  horizontal  extent  thirty  miles  or  more,  the 
width  of  the  fissures  since  filled  up  with  rubbish  varying  from  ten  to 
fifty  feet.  But  when  we  inquire  into  the  proofs  of  the  mass  having 
risen  or  fallen  suddenly  on  the  one  side  of  these  great  rents,  several 
hundreds  or  thousands  of  feet  above  or  below  the  rock  with  which  it 
was  once  continuous  on  the  other  side,  we  find  the  evidence  defective. 
There  are  grooves,  it  is  said,  and  scratches  on  the  rubbed  and  polished 
walls,  which  have  often  one  common  direction,  favouring  the  theory 
that  the  movement  was  accomplished  by  a  single  stroke,  and  not  by  m 
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sries  of  interrupted  movements.  But,  in  fact,  the  strisB  are  not 
Iwa/s  parallel  in  such  cases,  but  often  irregular,  and  sometimes  the 
tones  and  earth  which  are  in  the  middle  of  the  fault,  or  fissure, 
are  been  polished  and  striated  by  friction  in  different  directions, 
bowing  that  there  have  been  slidings  subsequent  to  the  first  intro- 
vtidoa  of  the  fragmentary  matter.  Nor  should  we  forget  that  the 
Mt  movement  must  always  tend  to  obliterate  the  signs  of  previous 
ritnration,  so  that  neither  its  instantaneousness  nor  the  uniformity  of 
to  direction  can  be  inferred  from  the  parallelism  of  the  stri®  that 
laTe  been  last  produced. 

When  rocks  have  been  once  fractured,  and  freedom  of  motion 
onmnnicated  to  detached  portions  of  them,  these  will  naturally  con- 
bne  to  yield  in  the  same  direction,  if  the  process  of  upheaval  or  of 
mdermining  be  repeated  again  and  again.  The  incumbent  mass  will 
dways  give  way  along  the  lines  of  least  resistance,  or  where  it  was 
brmerly  rent  asunder.  Probably,  the  effects  of  reiterated  movement, 
fhetber  upward  or  downward,  in  a  fault,  may  be  undistinguishable 
lom  those  of  a  single  and  instantaneous  rise  or  subsidence ;  and  the 
tune  may  be  said  of  the  rising  or  falling  of  continental  masses,  such 
M  Sweden  or  Greenland,  which  we  know  to  take  place  slowly  and 
ioaeasibly. 

Doetrine  of  the  sudden  upheaval  of  parallel  mauntam^hains, — 
The  doctrine  of  the  suddenness  of  many  former  revolutions  in  the 
phjrical  geography  of  the  globe  has  been  thought  by  some  to  derive 
idditional  confirmation  from  a  theory  respecting  the  origin  of  moun* 
tain-chains,  advanced  in  1833  by  a  distinguished  geologist,  M.  Elie 
^  Beaumont.  In  several  essays  on  this  subject,  the  last  published  in 
1852,  he  has  attempted  to  establish  two  points ;  first,  that  a  variety 
of  independent  chains  of  mountains  have  been  thrown  up  suddenly 
itptrticular  periods ;  and,  secondly,  that  the  contemporaneous  chains 
tlins  thrown  up,  preserve  a  parallelism  the  one  to  the  other. 

These  opinions,  and  others  by  which  they  are  accompanied,  are  so 
adverse  to  the  method  of  interpreting  the  history  of  geological 
cUnges  which  I  have  recommended  in  this  work,  that  I  am  desirous 
of  explaining  the  grounds  of  my  dissent,  a  course  which  I  feel 
Bijielf  the  more  called  upon  to  adopt  as  the  generalizations  alluded 
to  ire  those  of  a  skilful  writer,  and  an  original  observer  of  great 
talent  and  experience.  I  shall  begin,  therefore,  by  giving  a  brief 
sammary  of  the  principal  propositions  laid  down  in  the  works  above 
irferred  to.* 

let  M.  de  Beaumont  supposes  "  that  in  the  history  of  the  earth 
tbere  have  been  long  periods  of  comparative  repose,  during  which 
the  deposition  of  sedimentary  matter  has  gone  on  in  regular  con- 

*  Ann.  dies  ScL  Nat,  Septembre,  No-  Beaumont's  theory  will  be  found  in  the 
'cmbre,  et  Ducembre,  1829.  Revue  12th  yd.  of  the  Dictionnaire  Universel 
^^infai8e,Na  15.  May,  1830.  Bulletin  dllist  Nat  1852,  art  ^^Sjst^mes  des 
tt  k  Societe  G^.  de  France,  p.  864.  Montagnes ; "  also  the  same  printed 
%,  1847.    The  latest  edition  of  M.  de    separately. 
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tinuitj ;    and  there  have  also  heen  short  periods  of  paroxjUDil 
violence,  during  which  that  continuitj  was  broken. 

"  2d\y,   At  each  of  these  periods  of  violence  or  ^  revolution,'  in  Aa 
state  of  the  earth's  surface,  a  great  number  of  mountain-chains 
been  formed  suddenly. 

"  3d\j.  The  chains  thrown  up  by  a  particular  revolution  have 
uniform  direction,  being  parallel  to  each  other  within  a  few  degiM 
of  the  compass,  even  when  situated  in  remote  regions ;  whilst  tkl 
chains  thrown  up  at  different  periods  have,  for  the  most  part,  iat 
ferent  directions. 

'*4thl7.  Each  'revolution,'  or  'great  convulsion,'  has  falka  it 
with  the  date  of  another  geological  phenomenon;  namely,  'tks 
passage  from  one  independent  sedimentary  formation  to  anotlMriJ 
characterized  by  a  considerable  difference  in  '  organic  types.' 

"  5thly.  There  has  been  a  recurrence  of  these  paroxysmal  movtt 
ments  from  the  remotest  geological  periods ;  and  they  may  still  ll 
reproduced,  and  the  repose  in  which  we  live  may  hereafter  ll 
broken  by  the  sudden  upthrow  of  another  system  of  parallel  chiiil 
of  mountains. 

**  6thly.  The  origin  of  these  chains  depends  not  on  partial  voloiiiil 
action,  or  a  reiteration  of  ordinary  earthquakes,  but  on  the  seculsr  rs> 
I'rigeration  of  the  entire  planet.  For  the  whole  globe,  with  the  ex- 
ception of  a  thin  envelope,  much  thinner  in  proportion  than  the  shell  tfl 
an  egg,  is  a  fused  mass,  kept  fluid  by  heat,  but  constantly  cooling  toi 
contracting  its  dimensions.  The  external  crust  does  not  gradoall) 
collapse  and  accommodate  itself  century  after  century  to  the  shrunken 
nucleus,  subsiding  as  often  as  there  is  a  slight  failure  of  support,  but 
it  is  sustained  throughout  whole  geological  periods,  so  as  to  beconK 
partially  separated  from  the  nucleus,  until  at  last  it  gives  wa) 
suddenly,  cracking  and  falling  in  along  determinate  lines  of  fracture 
During  such  a  crisis  the  rocks  are  subjected  to  great  lateral  pressure 
the  unyielding  ones  are  crushed,  and  the  pliant  strata  bent,  tnc 
are  forced  to  pack  themselves  more  closely  into  a  smaller  space,  haviui 
no  longer  the  same  room  to  spread  themselves  out  horizontally.  A 
the  same  time,  a  large  portion  of  the  mass  is  squeezed  upwardf 
because  it  is  in  the  upward  direction  only  that  the  excess  in  size  o 
the  envelope,  as  compared  to  the  contracted  nucleus,  can  find  reliei 
This  excess  produces  one  or  more  of  those  folds  or  wrinkles  in  th 
earth's  crust  which  we  call  mountain-chains. 

Lastly,  some  chains  are  comparatively  modern ;  such  as  the  Alp* 
which  were  partly  upheaved  after  the  middle  tertiary  period.  Tb 
elevation  of  the  Andes  was  much  more  recent,  and  was  accompanie 
by  the  simultaneous  outburst  for  the  first  time  of  270  of  the  principJ 
volcjinos  now  active.* 

The  ajjitation  of  the  waters  of  the  ocean  caused  by  this  convulsio 
probably  occasioned  that  transient  and  general  deluge  which  i 
noticed  in  the  traditions  of  so  many  nations.f 

•  Svstomo  do  Mont.  p.  762.  f  Had,  pp.  761.  and  773. 
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Sereral  of  the  topics  enumerated  in  the  above  sammary,  such  as 
Jie  caose  of  interruptions  in  the  sedimentary  series,  will  be  discussed 
m  ^  thirteenth  chapter,  and  I  shall  now  confine  myself  to  what 
[  eonceiye  to  be  the  insufficiency  of  the  proofs  adduced  in  favour 
if  the  suddenness  of  the  upthrow,  and  the  contemporaneousness  of 
the  origin  of  the  parallel  chains  referred  to.  At  the  same  time  I 
may  remark,  that  the  great  body  of  facts  collected  together  by  M.  de 
Beaumont  will  always  form  a  most  valuable  addition  to  our  know- 
ledge, tending  as  they  do  to  confirm  the  doctrine  that  different 
■MNiiitain-chains  have  been  formed  in  succession,  and,  as  Werner  first 
poiDted  out,  that  there  are  certain  determinate  lines  of  direction  or 
itrike  in  the  strata  of  various  countries. 

The  following  may  serve  as  an  analysis  of  the  evidence  on  which 
die  theory  above  stated  depends.  '^  We  observe,"  says  M^  de  Beaumont, 
''when  we  attentively  examine  nearly  all  mountain-chains,  that  the 
MMl  recoit  rocks  extend  horizontally  up  to  the  foot  of  such  chains, 
II  we  should  expect  would  be  the  case  if  they  were  deposited  in  seas 
or  lakes,  of  which  these  mountains  have  partly  formed  the  shores ; 
irkilst  the  other  sedimentary  beds,  tilted  up,  and  more  or  less  con- 
torted, on  the  fianks  of  the  mountains,  rise  in  certain  points  even  to 
their  highest  crests."*  There  are,  therefore,  in  and  adjacent  to  each 
dnin,  two  classes  of  sedimentary  rocks,  the  ancient  or  inclined  beds, 
tad  the  newer  or  horizontaL  It  is  evident  that  the  first  appearance 
of  the  chain  itself  was  an  event  *^  intermediate  between  the  period 
^hea  the  beds  now  upraised  were  deposited,  and  the  period  when  the 
■tnta  were  produced  horizontally  at  its  feet." 


Fls.  lU 


Thus  the  chain  A  assumed  its  present  position  after  the  deposition 
tf  the  strata  b,  which  have  undergone  great  movements,  and  before 
^  deposition  of  the  group  c,  in  which  the  strata  have  not  sufiered 
denagieinent. 

If  we  then  discover  another  chain  B,  in  which  we  find  not  only 


^  formation  b,  but  the  group  c  also,  disturbed  and  thrown  on  its 
idges,  we  may  infer  that  the  latter  chain  is  of  subsequent  date  to  A ; 
or  B  must  have  been  elevated  (tfier  the  deposition  of  c,  and  before 

*PhiL  Mag.  and  Annala,  Na  58.  New  Series,  p.  242. 
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that  of  the  groap  d;  whereas  A  had  originated  before  thtij 
were  formed.  < 

It  is  then  argued,  that  in  order  to  ascertain  whether  other  dl 
ranges  are  of  contemporaneous  date  with  A  and  B,  or  are  roil 
distinct  periods,  we  haye  only  to  inquire  whether  the  incBl 
undisturbed  sets  of  strata  in  each  range  correspond  with-ij 
from  those  in  the  typical  chains  A  and  B. 

Now  all  this  reasoning  is  perfectly  correct,  so  long  as  the  | 
time  required  for  the  deposition  of  the  strata  b  and  c  is  m 
identical  in  duration  with  the  period  of  time  during  nl 
animals  and  plants  found  fossil  in  b  and  c  may  have  flourUi 
the  latter,  that  is  to  say,  the  duration  of  certain  groups  cf 
may  have  greatly  exceeded,  and  probably  did  greatly  eat 
former,  or  the  time  required  for  the  accumulation  of  certp 
deposits,  such  as  b  and  c  (figs.  11.  and  12.).  In  order,  men 
render  the  reasoning  correct,  due  latitude  must  be  given  to  1 
contemporaneous ;  for  this  term  must  be  understood  to  allni 
a  moment  of  time,  but  to  the  interval,  whether  brief  or  p0 
which  elapsed  between  two  events,  namely,  between  the  aoca 
of  the  inclined  and  that  of  the  horizontal  strata.  ! 

But,  unfortunately,  no  attempt  has  been  made  in  the- 
under  review  to  avoid  this  manifest  source  of  confusion,  ai 
the  very  terms  of  each  proposition  are  equivocal ;  and  the 
length  of  some  of  the  intervals  is  so  vast,  that  to  affirm  tha 
chains  raised  in  such  intervals  were  contemporaneous  is  an 
language. 

In  order  to  illustrate  this  argument,  I  shall  select  the  Pf: 
an  example.  Originally  M.  E.  de  Beaumont  spoke  of  this 
mountains  as  having  been  uplifted  suddenly  (a  un  seul  jei 
has  since  conceded  that  in  this  chain,  in  spite  of  the  genei 
and  simplicity  of  its  structure,  six,  if  not  seven,  systems  ol 
tion  of  different  dates  can  be  recognized.*  In  reference, 
to  the  latest,  and  by  far  the  most  important  of  these  convuL 
chain  is  said  to  have  attained  its  present  elevation  at  a  certi 
in  the  earth's  history,  namely,  between  the  deposition  of  tl 
or  rocks  of  about  that  age,  and  that  of  certain  tertiary  £i 
"  as  old  as  the  plastic  clay ;  "  for  the  chalk  is  seen  in  verticil 
and  distorted  beds  on  the  Banks  of  the  chain,  as  the  beds  i 
while  the  tertiary  formations  rest  upon  them  in  horizontal 
its  base,  as  c,  ibid. 

The  proof,  then,  of  the  extreme  suddenness  of  the  con' 
supposed  to  be  the  shortness  of  the  time  which  intervened 
the  formation  of  the  chalk  and  the  origin  of  certain  tertiar 
Even  if  the  interval  were  reducible  within  these  limits,  it  m 
prise  an  indefinite  lapse  of  time.  In  strictness  of  reasoning, 
the  author  cannot  exclude  the  Cretaceous  or  Tertiary  peri 

♦  Systt^me  de  Montagncs,  1852.  p.  f  Phil.  Mag.  and  Anna 
429.  New  Series,  p.  243. 
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the  possible  duration  of  the  interval  daring  which  the  elevation  maj 
have  taken  place.  For,  in  the  first  place,  it  cannot  be  assumed  that  the 
movement  of  upheaval  took  place  after  the  close  of  the  Cretaceous 
period ;  we  can  merely  say,  that  it  occurred  after  the  deposition  of 
certain  strata  of  that  period  ;  secondly,  although  it  were  true  that  the 
event  happened  before  the  formation  of  all  the  tertiary  strata  now  at 
the  base  of  the  Pyrenees,  it  would  by  no  means  follow  that  it  pre- 
eeded  the  whole  Tertiary  epoch. 

The  age  of  the  strata,  both  of  the  inclined  and  horizontal  series, 
may  have  been  accurately  determined  by  M.  de  Beaumont,  and  still  the 
npheaying  of  the  Pyrenees  may  have  been  going  on  before  the  animals 
of  the  Chalk  period,  such  as  are  found  fossil  in  England,  had  ceased 
to  exist,  or  when  the  Maestricht  beds  were  in  progress,  or  during 
themdefinite  ages  which  may  have  elapsed  between  the  extinction 
of  the  Maestricht  animals  and  the  introduction  of  the  Eocene  tribes, 
or  during  the  Eocene  epoch,  or  the  rise  may  have  been  going  on 
throughout  one,  or  several,  or  all  of  these  periods. 

It  would  be  a  purely  gratuitous  assumption  to  say  that  the  inclined 

cretaceous  strata  (6,  fig.  11.)  on  the  flanks  of  the  Pyrenees,  were  the 

Teij  last  which  were  deposited  during  the  Cretaceous  period,  or  that, 

u  soon  as  they  were  upheaved,  all  or  nearly  all  the  species  of  animals 

tod  plants  now  found  fossil  in  them  were  suddenly  exterminated ; 

Jet,  unless  this  can  be  affirmed,  we  cannot  say  that  the  Pyrenees 

Were  not  upheaved  during  the  Cretaceous  period.     Consequently, 

toother  range  of  mountains,  at  the  base  of  which  cretaceous  rocks 

may  lie  in  horizontal  stratification,  may  have  been  elevated,  like  the 

chain  A,  fig.  12.,  during  some  part  of  the  same  great  period. 

There  are  mountains  in  Sicily  two  or  three  thousand  feet  high,  the 
tops  of  which  are  composed  of  limestone,  in  which  a  large  propor- 
tion of  the  fossil  shells  agree  specifically  with  those  now  inhabiting 
the  Mediterranean.  Here,  as  in  many  other  countries,  the  deposits 
now  in  progress  in  the  sea,  must  inclose  shells  and  other  fossils  spe- 
cifically identical  with  those  of  the  rocks  constituting  the  contiguous 
land.  So  there  are  islands  in  the  Pacific,  where  a  mass  of  dead  coral 
has  emerged  to  a  considerable  altitude,  while  other  portions  of  the 
mass  remain  beneath  the  sea,  still  increasing  by  the  growth  of  living 
aoophytes  and  shells.  The  chalk  of  the  Pyrenees,  therefore,  may  at 
»  remote  period  have  been  raised  to  an  elevation  of  several  thousand 
feety  while  the  species  found  fossil  in  the  same  chalk  still  continued 
to  be  represented  in  the  fauna  of  the  neighbouring  ocean.  In  a  word, 
we  cannot  assume  that  the  origin  of  a  new  range  of  mountains  caused 
the  Cretaceous  period  to  cease,  and  served  as  the  prelude  to  a  new 
order  of  things  in  the  animate  creation. 

To  illustrate  the  grave  objections  above  advanced,  against  the 
theory  considered  in  the  present  chapter,  let  us  suppose,  that  in  some 
country  three  styles  of  architecture  had  prevailed  in  succession,  each 
for  a  period  of  one  thousand  years ;  first  the  Greek,  then  the  Roman, 
and  then  the  Grothic  ;  and  that  a  tremendous  earthquake  was  known 
to  have  occurred  in  the  same  district  during  one  of  the  three  periods 
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— a  convulsion  of  such  violence  as  to  have  levelled  to  the  gm 
the  buildings  then  standing.  If  an  antiquary,  desirous  of  disM 
the  date  of  the  catastrophe,  should  first  arrive  at  a  citj  where  I 
Greek  temples  were  lying  in  ruins  and  half  engulphed  in  tha 
while  many  Gothic  edifices  were  standing  uninjured,  could  ht 
mine  on  these  data  the  era  of  the  shock  ?  Could  he  even  exeia 
one  of  the  three  periods,  and  decide  that  it  must  have  ha] 
during  one  of  the  other  two  ?  Certainly  not.  He  could  merel} 
that  it  happened  at  some  period  after  the  introduction  of  tha 
style,  and  before  the  Gothic  had  fallen  into  disuse.  Should  I 
tend  to  define  the  date  of  the  convulsion  with  greater  precisk 
decide  that  the  earthquake  must  have  occurred  after  the  Crre 
before  the  Gothic  period,  that  is  to  say,  when  the  Roman  style 
use,  the  fallacy  in  his  reasoning  would  be  too  palpable  to 
detection  for  a  moment 

Yet  such  is  the  nature  of  the  erroneous  induction  which  I  i 
exposing.  For  as,  in  the  example  above  proposed,  the  erect! 
particular  edifice  is  perfectly  distinct  from  the  period  of  arcU 
in  which  it  may  have  been  raised,  so  is  the  deposition  of  chalk, 
other  set  of  strata,  from  the  geological  epochs  characterized  bj 
fossils  to  which  they  may  belong. 

It  is  almost  superfluous  to  enter  into  any  farther  analysis 
theory  of  parallelism,  because  the  whole  force  of  the  ar[ 
depends  on  the  accuracy  of  the  data  by  which  the  contempoi 
or  non-contemporaneous  date  of  the  elevation  of  two  indej 
chains  can  be  demonstrated.  In  every  case,  this  evidence,  ai 
by  M.  de  Beaumont,  is  ecjuivocal,  because  he  has  not  included 
possible  interval  of  time  between  the  deposition  of  the  derang 
the  horizontal  formations,  part  of  the  periods  to  which  each  o 
classes  of  formations  are  referable.  Even  if  all  the  geologies 
therefore,  adduced  by  the  author  were  true  and  nnquestiona 
the  conclusion  that  certain  chains  were  or  were  not  simulta 
upraised  is  by  no  means  a  legitimate  consequence. 

In  the  third  volume  of  my  first  edition  of  the  Principles,  wl 
peared  in  April,  1833,  I  controverted  the  views  of  M.  de  Bei 
then  just  published,  in  the  same  terms  as  I  have  now  restatet 
At  that  time  I  took  for  granted  that  the  chronological  date 
newest  rocks  entering  into  the  disturbed  series  of  the  Pyren 
been  correctly  ascertained.  It  now  appears,  however,  that 
the  most  modem  of  those  disturbed  strata  belong  to  the  nun 
formation,  which  are  regarded  by  the  majority  of  geologists  as 
or  older  tertiary,  an  opinion  not  assented  to  by  M.  R  de  Ba 
and  which  I  cannot  discuss  here  without  being  led  into  too 
digression.* 

Perhaps  a  more  striking  illustration  of  the  difiiculties  we  eni 
when  we  attempt  to  apply  the  theory  under  consideratio 
to  the  best  known  European  countries,  is  afibrded  by  what  L 


♦  Systomc  dc  Montagiio!*,  18r)2,  p.  429. 


ih 


^ 


CaXI.]  PARALLEL  MOUNTAIN-CHAINS.  169 

"The  System  of  the  Longmynds."  This  small  chain,  situated  in 
Shropshire,  is  the  third  of  the  typical  systems  to  which  M.  E.  de 
Beaumont  compares  other  mountain  ranges  corresponding  in  strike 
tad  structure.  The  date  assigned  to  its  upheaval  is  ''  after  the  un- 
fofldliferoas  greywacke,  or  Cambrian  strata,  and  before  the  Silurian." 
BatSir  B.  L  Murchison  had  shown  in  1838,  in  his  **  Silurian  System," 
tod  the  British  government  surveyors,  since  that  time,  in  their  sec- 
tions (about  1846),  that  the  Longmynds  and  other  chains  of  similar 
eooposition  in  North  Wales  are  post- Silurian,  In  all  of  them  fos- 
•iliferous  beds  of  the  lower  Silurian  formation  or  Llandeilo  flags  are 
highly  inclined,  and  often  verticaL  In  one  limited  region  the  Caradoc 
nadstone,  a  member  of  the  lower  Silurian,  rests  unconformably  on 
the  denuded  edges  of  the  inferior  (or  Llandeilo)  member  of  the  same 
group ;  whilst  in  some  cases  both  of  these  sets  of  strata  are  upturned. 
When,  therefore,  so  grave  an  error  is  detected  in  regard  to  the  age 
of  ^typical  chain,  we  are  entitled  to  inqnire  with  surprise,  by  what 
iBeans  nine  other  parallel  chains  in  France,  Germany,  and  Sweden, 
tssamed  to  be  ^  ante-Siiurian,"  have  been  made  to  agree  precisely  in 
^  with  the  Longmynds?  K  they  are  correctly  represented  as 
^Wag  been  all  deposited  before  the  deposition  of  the  Silurian  strata, 
they  cannot  be  contemporaneous  with  the  Longmynds,  and  they  only 
Pi^e  how  little  reliance  can  be  placed  on  parallelism  as  a  test  of  simul- 
Uneoasness  of  upheaval.  But  in  truth  it  is  impossible,  for  reasons 
^beady  given,  to  demonstrate  that  each  of  those  nine  chains  coincide 
^  date  with  one  another,  any  more  than  with  the  Longmynds. 

The  reader  will  see  in  the  sequel  (chap.  81.*)  that  Mr.  Hopkins 
kg  infared  from  astronomical  calculations,  that  the  solid  crust  of 
the  earth  cannot  be  less  than  800  or  1000  miles  thick,  and  may  be 
ttore.    £ven  if  it  be  solid  to  the  depth  of  100  miles,  such  a  thickness 
would  be  inconsistent  with  M.  E.  de  Beaumont's  hypothesis,  who  re- 
quires a  shell  not  more  than  thirty  miles  thick,  or  even  less.    Mr. 
Hopkins  admits  that  the  exterior  of  the  planet,  though  solid  as  a 
whole,  may  contain  within  it  vast  lakes  or  seas  of  lava.    If  so,  the 
gradnal  fusion  of  rocks,  and  the  expansive  power  of  heat  exerted  for 
ages,  as  well  as  the  subsequent  contraction  of  the  same  during  slow 
refrigermticni,  may  perhaps  account  for  the  origin  of  mountain-chains, 
for  these,  as  Dolomieu  has  remarked,  are  **  far  less  important,  propor- 
tionally speaking,  than  the  inequalities  on  the  surface  of  an  egg-shell, 
which  to  the  eye  appears  smooth."    A  *'  centripetal  force  "  affecting 
the  whole  planet  as  it  oools,  seems  a  mightier  cause  than  is  required 
to  produce  wrinkles  of  such  insignificant  size. 

In  pursuing  his  investigations,  M.  £.  de  Beaumont  has  of  late  greatly 
multiplied  the  number  of  successive  periods  of  instantaneous  up- 
hears],  admitting  at  the  same  time  that  occasionally  new  lines  of  up- 
throw have  taken  the  direction  of  older  (mes-f  These  admissions 
render  his  views  much  more  in  harmony  with  the  principles  ad- 
vocated in  this  work,  but  they  impair  the    practical  utility  of 

•  For  pi«e,  see  Index,  **  Hopkins."  t  Art  Systtoe  de  Montagnes,  p.  775. 
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parallelism  considered  as  a  chronological  test;  for  no  rule  is  kid 
down  for  limiting  the  interval  whether  in  time  or  space»  which  0117 
separate  two  parallel  lines  of  upheaval  of  different  dates.* 

Among  the  various  propositions  above  laid  down  (p.  164.X  it  will 
be  seen  that  the  sadden  rise  of  the  Andes  is  spoken  of  as  a  modern 
event,  but  Mr.  Darwin  has  brought  together  ample  data  in  proof  of 
the  local  persistency  of  volcanic  action  throughout  a  long  suceettioo 
of  geological  periods,  beginning  with  times  antecedent  to  the  deposi- 
tion of  the  oolitic  and  cretaceous  formations  of  Chili,  and  continaiog 
to  the  historical  epoch.  It  appears  that  some  of  the  parallel  ridgei 
which  compose  the  Cordilleras,  instead  of  being  contemportneom, 
were  successively  and  slowlj  upheaved  at  widely  different  epochs. 
The  whole  range,  after  twice  subsiding  some  thousands  of  feet,  wss 
brought  up  again  by  a  slow  movement  in  mass,  during  the  era  of  the 
Eocene  tertiary  formations,  after  which  the  whole  sank  down  ones 
more  several  hundred  feet,  to  be  again  uplifted  to  its  present  level  bf 
a  slow  and  often  interrupted  movementf  In  a  portion  of  this  latter 
period  the  *'  Pampean  mud  "  was  formed,  in  which  the  Megatheriom 
mjlodon  and  other  extinct  quadrupeds  are  buried.  This  mud  con* 
tains  in  it  recent  species  of  shells,  some  of  them  proper  to  braddsb 
water,  and  is  believed  by  Mr.  Darwin  to  be  an  estuary  or  delta  de* 
posit.  !RL  A.  d'Orbigny,  however,  has  advanced  an  hypothesis  referred 
to  by  M.  £.  de  Beaumont,  that  the  agitation  and  displacement  of 
the  waters  of  the  ocean,  caused  by  the  elevation  of  the  Andes,  gave 
rise  to  a  deluge,  of  which  this  Pampean  mud,  which  rises  sometimes 
to  the  height  of  12,000  feet,  is  the  result  and  monument} 

In  studying  many  chains  of  mountains,  we  find  that  the  strike  or 
line  of  outcrop  of  continuous  sets  of  strata,  and  the  general  direction 
of  the  chain,  may  be  far  from  rectilinear.     Curves  forming  angles  of 
20"^  or  30"^  may  be  found  in  the  same  range  as  in  the  Alleghanies ; 
just  as  trains  of  active   volcanos  and  the  zones  throughout  which 
modern  earthquakes  occur  are  often  linear,  without  running  in  straight 
lines.     Nor  are  all  of  these,  though  contemporaneous  or  belonging  to 
our  own  epoch,  by  any  means  parallel,  but  some  at  right  angles,  the 
one  to  the  other. 

Slow  upheaval  and  subsidence, — Recent  observations  have  dis* 
closed  to  us  the  wonderful  fact,  that  not  only  the  west  coast  of  South 
America,  but  also  other  large  areas,  some  of  them  several  thousand 
miles  in  circumference,  such  as  Scandinavia,  and  certain  archipelagot 
in  the  Pacific,  are  slowly  and  insensibly  rising ;  while  other  regionSy 
such  as  Greenland,  and  parts  of  the  Pacific  and  Indian  Oceans,  in 
which  atolls  or  circular  coral  islands  abound,  are  as  gradually  sinking. 

*  M.   K.  dc  Beaumont  in  his  later  gonal  network/*    This  theory  hat  ben 

inqniries  (Comptes  rendus,  Sept.  1850,  ably   dit^cusscd     and    cuntroTerted   bj 

and  Systvmes  dcs  Montagncs)  has  eonic  Mr.  Hopkins,  in  his   Anniversary  Ad* 

to    the   conclusion,    that   the  principal  dress  as  l^residcnt  of  the  GeoL  Soc.,  Feh 

mountain   ranges,  if  prolonged,  would  1853. 

intersect  each  other  at  certain  angles,  so  f  Darwin's  Geology  of  Sooth  Ame 

us  to  produce  a  regular  geometric  ar-  rica,  p.  248.    London,  1846. 

rangement,  which  he  calls  **  a  penta-  \  Systemc  dc  Montagnes,  p.  748* 
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That  all  the  existing  continents  and  submarine  abysses  may  have 
originated  in  movements  of  this  kind,  continued  throughout  incal- 
culable periods  of  time,  is  undeniable,  and  the  denudation  which  the 
drj  land  appears  every  where  to  have  suffered,  favours  the  idea  that 
it  was  raised  from  the  deep  bj  a  succession  of  upward  movements, 
prolonged  throughout  indefinite  periods.  For  the  action  of  waves 
and  currents  on  land  slowly  emerging  from  the  deep,  affords  the  only 
power  by  which  we  can  conceive  so  many  deep  valleys  and  wide 
spaces  to  have  been  denuded  as  those  which  are  unquestionably  the 
efifecta  of  running  water. 

But  perhaps  it  may  be  said  that  there  is  no  analogy  between  the 

8low  upheaval  of  broad  plains  or  table  lands,  and  the  manner  in 

vhich  we  must  presume  all  mountain-chains,  with  their  inclined 

strata,  to  have  originated.    It  seems,  however,  that  the  Andes  have 

been  rising  century  after  century,  at  the  rate  of  several  feet,  while 

the  Pampas  on  the  east  have  been  raised  only  a  few  inches  in  the 

same  time.     Crossing  from  the  Atlantic  to  the  Pacific,  in  a  line 

passing  through  Mendoza,  Mr.  Darwin  traversed  a  plain  800  miles 

broad,  the  eastern  part  of  which  has  emerged  from  beneath  the  sea 

at  a  very  modem  period.    The  slope  from  the  Atkntic  is  at  first 

very  gentle,  then  greater,  until  the  traveller  finds,  on  reaching 

Mendoza,  that  he  has  gained,  almost  insensibly,  a  height  of  4000 

feet  The  mountainous  district  then  begins  suddenly,  and  its  breadth 

from  Mendoza  to  the  shores  of  the  Pacific  is  120  miles,  the  average 

height  of  the  principal  chain  being  from  15,000  to  16,000  feet, 

without  including  some  prominent  peaks,  which  ascend  much  higher. 

Now  all  we  require,  to  explain  the  origin  of  the  principal  inequalities 

of  level  here  described,  is  to  imagine,  first,  a  zone  of  more  violent 

movement  to  the  west  of  Mendoza,  and,  secondly,  to  the  east  of  that 

place,  an  upheaving  force,  which  died  away  gradually  as  it  approached 

the  Atlantic    In  short,  we  are  only  called  upon  to  conceive,  that  the 

region  of  the  Andes  was  pushed  up  four  feet  in  the  same  period  in 

which  the  Pampas  near  Mendoza  rose  one  foot,  and  the  plains  near 

the  shores  of  the  Atlantic  one  inch.    In  Europe  we  have  learnt  that 

the  land  at  the  North  Cape  ascends  about  five  feet  in  a  century, 

while  farther  to  the  south  the  movements  diminish  in  quantity  first 

to  a  foot,  and  then,  at  Stockholm,  to  three  inches  in  a  century,  while 

at  certain  points  still  farther  south  there  is  no  movement. 

But  in  what  manner,  it  is  asked,  can  we  account  for  the  great 
lateral  pressure  which  has  been  exerted  not  only  in  the  Andes,  Alps, 
and  other  chains,  but  also  on  the  strata  of  many  low  and  nearly  level 
coontries  ?  Do  not  the  folding  and  fracture  of  the  beds,  the  anti- 
clinal and  synclinal  ridges  and  troughs,  as  they  are  called,  and  the 
vertical,  and  even  sometimes  the  inverted  position  of  the  beds,  imply 
an  abruptness  and  intensity  in  the  disturbing  force  wholly  different 
in  kind  and  energy  to  that  which  now  rends  the  rocks  during  ordi- 
nary earthquakes  ?  I  shall  treat  more  fully  in  the  sequel  (end  of 
chap.  82.)  of  the  probable  subterranean  sources,  whether  of  upward 
cr  downward  movement,  and  of  great  lateral  pressure ;  but  it  i 
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be  well  briefly  to  state  in  this  place  that  in  our  own  times,  as, 
example,  in  Chili,  in  1822,  the  volcanic  force  has  overcome  the 
sistance,  and  permanently  uplifted  a  country  of  such  vast  extent 
the  weight  and  volume  of  the  Andes  must  be  insignificant  in  coi 
parison,  even  if  we  indulge  the  most  moderate  conjectures  as 
the  thickness  of  the  earth's  crust  above  the  volcanic  foci* 

.To  assume  that  any  set  of  strata  with  which  we  are  acquaint 
are  made  up  of  such  cohesive  and  unyielding  materials,  as  to         1 
able  to  resist  a  power  of  such  stupendous  energy,  if  its  directic=:=3i 
instead  of  being  vertical,  happened  to  be  oblique  or  horizontal,  woi 
be  extremely  rash.    But  if  they  could  yield  to  a  sideway  thrust,  ev^ 
in  a  slight  degree,  they  would  become  squeezed  and  folded  to 
amount  if  subjected  for  a  sufficient  number  of  times  to  the  repeatr^srf 
action  of  the  same  force*    We  can  scarcely  doubt  that  a  mass  of  rock 
several  miles  thick  was  uplifted  in  Chili  in  1822  and  1835,  Knd 
that  a  much  greater  volume  of  solid  matter  is  upheaved  wherever 
the  rise  of  the  land  is  very  gradual,  as  in  Scandinavia,  the  development 
of  heat  being  probably,  in  that  region,  at  a  greater  distance  from  tbe 
surface.     If  continents,  rocked,  shaken  and  fissured,  like  the  western 
region  of  South  America,  or  very  gently  elevated,  like  Norway  and 
Sweden,  do  not  acquire  in  a  few  days  or  hours  an  additional  height 
of  several  thousand  feet,  this  can  arise  from  no  lack  of  mechanical 
force  in  the  subterranean   moving  cause,   but  simply  because  the 
antagonist  power,  or  the  strength,  toughness,  and  density  of  the 
earth's  crust  is  insufficient  to  resist,  so  long,  as  to  allow  the  volcanic 
energy  an  indefinite  time  to  accumulate.     Instead  of  the  explosive 
charge  augmenting  in  quantity  for  countless  ages,  it  finds  relief  con-, 
tinuously,  or  by  a  succession  of  shocks  of  moderate  violence,  so  as 
never  to  burst  or  blow  up  the  covering  of  incumbent  rock  in  one 
grand  paroxysmal  convulsion.     Even  in  its  most  energetic  effi[>rt3 
it  displays  an  intermittent  and  mitigated  intensity,  being  never  per- 
mitted to  lay  a  whole  continent  in  ruins.      Hence  the  numerous 
eruptions  of  lava  from  the  same  vent,  or  chain  of  vents,  and  the 
recurrence  of  similar  earthquakes  for  thousands  of  years  along  certain 
areas  or  zones  of  country.     Hence  the  numerous  monuments  of  the 
successive  ejection  and  Injection  of  melted  matter  in  ancient  geo- 
logical epochs,  and  the  fissures  formed  in  distinct  ages,  and  often 
widened  and  filled  at  difierent  eras. 

Among  the  causes  of  lateral  pressure,  the  expansion  by  heat  of  large 
masses  of  solid  stone  intervening  between  others  which  have  a  dif- 
ferent degree  of  expansibility,  or  which  happen  not  to  have  their 
temperature  raised  at  the  same  time,  may  play  an  important  part, 
liut  as  we  know  that  rocks  have  so  often  sunk  down  thousands  of 
feet  below  their  original  level,  we  can  hardly  doubt  that  much  of  the 
bending  of  pliant  strata,  and  Uie  packing  of  the  same  into  smaller 
spaces,  has  frequently  been  occasioned  by  subsidence.  Whether  the 
failure  of  support  be  produced  by  the  melting  of  porous  rocks,  which, 
when  fluid,  and  subjected  to  great  pressure,  may  occupy  less  room 
than  before,  or  which,  by  passing  from  a  pasty  to  a  crystalline  condi* 
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^ion,  may,  as  in  the  case  of  granite,  according  to  the  experiments  of 
Deville,  suffer  a  contraction  of  10  per  cent,  or  whether  the  sinking 
l>e  due  to  the  subtraction  of  lava  driven  elsewhere  to  some  volcanic 
orifice,  and  there  forced  outwards,  or  whether  it  be  brought  on  by 
±he  shrinking  of  solid  and  stonj  masses  during  refrigeration,  or  by 
^he  condensation  of  gases,  or  any  other  imaginable  cause,  we  have  no 
x-eason  to  incline  to  the  idea  that  the  consequent  geological  changes 
mre  brought  about  so  suddenly,  as  that  large  parts  of  continents  are 
swallowed  up  at  once  in  unfathomable  subterranean  abysses.     If 
<5avities  be  formed,  they  will  be  enlarged  gradually,  and  as  gradually 
filled.     We  read,  indeed,  accounts  of  engulphed  cities  and  areas  of 
limited  extent  which  have  sunk  down  many  yards  at  once ;  but  we 
liave  as  yet  no  authentic  records  of  the  sudden  disappearance  of  moun- 
tains, or  the  submergence  or  emergence  of  great  islands.     On  the 
other  hand,  the  creeps  in  coal  mines*  demonstrate  that  gravitation 
l^egins  to  act  as  soon  as  a  moderate  quantity  of  matter  is  removed 
«ven  at  a  great  depth.     The  roof  sinks  in,  or  the  floor  of  the  mine 
'X'ises,  and  the  bent  strata  often  assume  as  regularly  a  curved  and 
crumpled  arrangement  as  that  observed  on  a  grander  scale  in  moun* 
tain-cbains.    The  absence,  indeed,  of  chaotic  disorder,  and  the  regu- 
larity of  the  plications  in  geological  formations  of  high  antiquity, 
although  not  unfrequently  adduced  to  prove  the  unity  and  ibstanta* 
neousness  of  the  disturbing  force,  might  with  far  greater  propriety 
be  brought  forward  as  an  argument  in  favour  of  the  successive 
application  of  some  irresistible  but  moderated  force,  such  as  that 
>  which  can  elevate  or  depress  a  continent. 

Li  conclusion,  I  may  observe  that  one  of  the  soundest  objections  to 
the  theory  of  the  sudden  upthrow  or  downthrow  of  mountain-chains  is 
this,  that  it  provides  us  with  too  much  force  of  one  kind,  namely, 
that  of  subterranean  movement,  while  it  deprives  us  of  another  kind 
of  mechanical  force,  namely,  that  exerted  by  the  waves  and  currents 
of  the  ocean,  which  the  geologist  requires  for  the  denudation  of  land 
during  its  slow  upheaval  or  depression.  It  may  be  safely  affirmed  that 
the  quantity  of  igneous  and  aqueous  action, — of  volcanic  eruption 
and  denudation, — of  subterranean  movement  and  sedimentary  depo- 
sition,—r  not  only  of  past  ages,  but  of  one  geological  epoch,  or  even 
the  fraction  of  an  epoch,  has  exceeded  immeasurably  all  the  fluctua- 
tions of  the  inorganic  world  which  have  been  witnessed  by  man.  But 
we  have  still  to  inquire  whether  the  time  to  which  each  chapter  or 
page  or  paragraph  of  the  earth's  autobiography  relates,  was  not  equally 
immense  when  contrasted  with  a  brief  era  of  3000  or  5000  years. 
The  real  point  on  which  the  whole  controversy  turns,  is  the  rela- 
tive amount  of  work  done  by  mechanical  force  in  given  quantities  of 
time,  past  and  present.  Before  we  can  determine  the  relative  in- 
tensity of  the  force  employed,  we  must  have  some  fixed  standard  by 
which  to  measure  the  time  expended  in  its  development  at  two 
distinct  periods.    It  is  not  the  magnitude  of  the  effects,  however 

*  See  LyeU'8  Mannal  of  Elementary  Geology,  ch.  5. 
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gigantic  their  proportions,  which  can  inform  us  in  the  slightest  degree 
whether  the  operation  was  sudden  or  gradual,  insensible  or  paroxys- 
mal. It  must  be  shown  that  a  slow  process  could  never  in  an j  series 
of  ages  give  rise  to  the  same  results. 

The  advocate  of  paroxysmal  energy  might  assume  an  uniform  and 
fixed  rate  of  variation  in  times  past  and  present  for  the  animate 
world,  that  is  to  say,  for  the  dying-out  and  coming-in  of  species, 
and  then  endeavour  to  prove  that  the  changes  of  the  inanimate  world 
have  not  gone  on  in  a  corresponding  ratio.  But  the  adoption  of  such 
a  standard  of  comparison  would  lead,  I  suspect,  to  a  theory  by  no 
means  favourable  to  the  pristine  intensity  of  natural  causes.  That 
the  present  state  of  the  organic  world  is  not  stationary,  can  be  fairly 
inferred  from  the  fact,  that  some  species  are  known  to  have  become 
extinct  in  the  course  even  of  the  last  three  centuries,  and  that 
the  exterminating  causes  always  in  activity,  both  on  the  land  and 
in  the  waters,  are  very  numerous;  also,  because  man  himself  is 
an  extremely  modern  creation ;  and  we  may  therefore  reasonably  sup- 
pose that  some  of  the  mammalia  now  contemporary  with  man,  as 
well  as  a  variety  of  species  of  inferior  classes,  may  have  been  recently 
introduced  into  the  earth,  to  supply  the  places  of  plants  and  animals 
which  have  from  time  to  time  disappeared.  But  granting  that  some 
such  secular  variation  in  the  zoological  and  botanical  worlds  is  going 
on,  and  is  by  no  means  wholly  inappreciable  to  the  naturalist,  still  it 
is  certainly  far  less  manifest  than  the  revolution  always  in  progress 
in  the  inorganic  world.  Every  year  some  volcanic  eruptions  take 
place,  and  a  rude  estimate  might  be  made  of  the  number  of  -cubic 
feet  of  lava  and  scorise  poured  or  cast  out  of  various  craters.  The 
amount  of  mud  and  sand  deposited  in  deltas,  and  the  advance  of  new 
land  upon  the  sea,  or  the  annual  retreat  of  wasting  sea-clifT^  are 
(changes  the  minimum  amount  of  which  might  be  roughly  estimated. 
The  quantity  of  land  raised  above  or  depressed  below  the  level  of  the 
sea  might  also  be  computed,  and  the  change  arising  from  such  move- 
ments in  a  century  might  be  conjectured.  Suppose  the  average  rise 
of  the  land  in  some  parts  of  Scandinavia  to  be  as  much  as  five  feet  in 
a  hundred  years,  the  present  sea-coast  might  be  uplifted  700  feet  in 
fourteen  thousand  years ;  but  we  should  have  no  reason  to  anticipate, 
from  any  zoological  data  hitherto  acquired,  that  the  molluscous  fauna 
of  the  northern  seas  would  in  that  lapse  of  years  undergo  any  sensible 
amount  of  variation.  We  discover  sea-beaches  in  Norway  700  feet 
high,  in  which  the  shells  are  identical  with  those  now  inhabiting  the 
German  Ocean ;  for  the  rise  of  land  in  Scandinavia,  however  insen- 
sible to  the  inhabitants,  has  evidently  been  rapid  when  compared 
to  the  rate  of  contemporaneous  change  in  the  testaceous  fauna  of  the 
(ierman  Ocean.  Were  we  to  wait  therefore  until  the  mollusca  shall 
have  undergone  as  much  fluctuation  as  they  underwent  between  the 
period  of  the  Lias  and  the  Cpper  Oolite  formations,  or  between  the 
(Jolite  aiid  Chalk,  nay,  even  between  any  two  of  eight  subdivisions  of 
the  Eocene  series,  what  stupendous  revolutions  in  physical  geography 
ought  wc  not  to  expect,  and  how  many  mountain-chains  might  not 
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be  prodooed  by  the  repetition  of  shocks  of  moderate  violence,  or  by 
moTements  not  even  perceptible  by  man ! 

Or,  if  we  tnm  from  the  mollusca  to  the  vegetable  kingdom,  and 
isk  the  botanist  how  many  earthquakes  and  volcanic  eruptions  might 
be  expected,  and  how  much  the  relative  level  of  land  and  sea  might 
beiltered,  or  how  far  the  principal  deltas  will  encroach  upon  the  ocean, 
or  the  sea-cliffii  recede  from  the  present  shores,  before  the  species  of 
£aropean  forest-trees  will  die  out,  he  would  reply  that  such  alterations 
in  the  inanimate  world  might  be  multiplied  indefinitely  before  he 
should  have  reason  to  anticipate,  by  reference  to  any  known  data, 
that  the  existing  species  of  trees  in  our  forests  would  disappear  and 
gi?e  place  to  others.  In  a  word,  the  movement  of  the  inorganic 
world  is  obvious  and  palpable,  and  might  be  likened  to  the  minute- 
hud  of  a  clock,  the  progress  of  which  can  be  seen  and  heard,  whereas 
the  fluctuations  of  the  living  creation  are  nearly  invisible,  and  re- 
lemble  the  motion  of  the  hour-hand  of  a  timepiece.  It  is  only  by 
watching  it  attentively  for  some  time,  and  comparing  its  relative 
poiition  after  an  interval,  that  we  can  prove  the  reality  of  its  motion.* 


CHAPTER  XIL 

niFFKBSNCE  IN  TBZTI7BE  OF  THE  OLDER  AND  NEWER  BOCKS. 

• 

Oonsolidatioa  of  fbssiliferoiis  strata — Some  deposits  originally  solid — Transition 
tad  slaty  textnre — Ciystalline  character  of  Platonic  and  Metamorphic  rocks  — 
Theory  of  their  origin — Essentially  subterranean — No  proofii  that  thej  were 
prodnoed  more  abundantly  at  remote  periods. 

Akother  argument  in  favour  of  the  dissimilarity  of  the  causes  ope- 
rating at  remote  and  recent  eras  has  been  derived  by  many  geologists 
from  the  more  compact,  stony,  and  crystalline  texture  of  the  older  as 
eompared  to  the  newer  rocks. 

Con9oUdaiion  of  strata,  ^^This  subject  may  be  considered,  first,  in 
reference  to  the  fossiliferous  strata;  and,  secondly,  in  reference  to 
those  crystalline  and  stratified  rocks  which  contain  no  organic  remains, 
foch  as  gneiss  and  mica-schist.  There  can  be  no  doubt  that  the 
former  of  these  classes,  or  the  fossiliferous,  are  generally  more 
compact  and  stony  in  proportion  as  they  are  more  ancient.  It  is 
also  certain  that  a  great  part  of  them  were  originally  in  a  soft  and 
incoherent  state,  and  that  they  have  been  since  consolidated.  Thus 
we  find  occasionally  that  shingle  and  sand  have  been  agglutinated 

*  See  the  ▲uifaor's  Annirersary  Ad«    toL  tL  p.  4S.,  fh>m  which  some  of  the 
diMS,  Qutft*  Joom.  QeoL  Soc  1850,    abore  passages  are  extracted. 
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firmly  together  by  a  ferruginous  or  siliceous  cement,  or  that  lime  in 
solution  has  been  introduced,  so  as  to  bind  together  materials  pre* 
Tiouslj  incoherent.  Organic  remains  have  sometimes  rafierod  a 
singular  transformation,  as,  for  example,  where  shells,  oorab^  and 
wood  are  silicified,  their  calcareous  or  ligneous  matter  having  been 
replaced  by  nearly  pure  silica.  The  constituents  of  some  beds  bare 
probably  set  and  become  hard  for  the  first  time  when  they  emerged 
from  beneath  the  water. 

But,  on  the  other  hand,  we  observe  in  certain  formations  now  in 
progress,  particularly  in  coral  reefs,  and  in  deposits  from  the  waters 
of  mineral  springs,  both  calcareous  and  siliceous,  that  the  textue  of 
rocks  may  sometimes  be  stony  from  the  first.  This  circumstanee 
may  account  for  exceptions  to  the  general  rule,  not  unfrequentlj  met 
with,  where  solid  strata  are  superimposed  on  others  of  a  plastic  and 
incoherent  nature,  as  in  the  neighbourhood  of  Paris,  where  the 
tertiary  formations,  consisting  often  of  compact  limestone  and  siUoeoos 
grit,  are  more  stony  than  the  subjacent  chalk. 

It  will  readily  be  understood,  that  the  various  solidifying  caow 
including  those  above  enumerated,  together  with  the  pressure  of 
incumbent  rocks  and  the  influence  of  subterranean  heat,  must  allot 
them  require  time  in  order  to  exert  their  full  power.  If  in  the 
course  of  ages  they  modify  the  aspect  and  internal  structure  of 
stratified  deposits,  they  will  give  rise  to  a  general  distinctness  of 
character  in  the  older  as  contrasted  with  the  newer  formations.  But 
this  distinctness  will  not  be  the  consequence  of  any  original  diversity: 
they  will  be  unlike,  just  as  the  wood  in  the  older  trees  of  a  forest 
usually  diifers  in  texture  and  hardness  from  that  of  younger  indi- 
viduals of  the  same  species. 

Transition  texture. — In  the  original  classification  of  Werner,  the 
liighly  crystalline  rocks,  such  as  granite  and  gneiss,  which  contain  no 
organic  remains,  were  called  primary,  and  the  fossiliferous  strtt* 
secondary,  while  to  another  class  of  an  age  intermediate  between  the 
primary  and  secondary  he  gave  the  name  of  transition.     They  were 
terme<l   transition   because   they  partook  in  some  degree   in  their 
mineral  composition  of  the  nature  of  the  most  crystalline  rocks,  such 
as  gneiss  and   mica-schist,  while  they  resembled   the   fossiliferouJ 
series   in   containing   occasionally  organic  remain.^,   and  exhibiting 
evident  signs  of  a  mechanical  origin.     It  was  at  first  imagined,  that 
the  rocks  having  this  intermediate  texture  had  been  all  deposited 
subswiuently  to  the  series  called  primary,  and  before  all  the  more 
earthy  and  fossiliferous  formations.     But  when  the  relative  position 
and  organic  remains  of  these  transition  rocks  were  better  understood, 
it  was  perceived  that  they  did  not  all  belong  to  one  period.     On  the 
contrary,  the  same  mineral  characters  were  found  in  strata  of  very 
difit^rent  ages,  and  some  formations  occurring  in  the  Alps,  which 
several   of  the   ablest   scholars   of  Werner   had  determined  to  be 
transition,    were   ultimately  ascertained,    by  means   of  their   fossil 
contents  and  position,  to  be  members  of  the  Cretaceous,  and  even  ol 
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the  nammulitic  or  Eocene  period.  These  strata  had,  in  fact,  acquired 
the  transtHon  texture  from  the  influence  of  causes  which,  since  their 
deposition,  had  modified  their  internal  arrangement. 

Texture  and  origin  of  Plutonic  and  metamorphic  rocks.  —  Among 
the  most  singukir  of  the  changes  superinduced  on  r«cks,  we  have 
oecasionallj  to  include  the  slaty  texture,  the  divisional  planes  of 
which  sometimes  intersect  the  true  planes  of  stratification,  and 
even  pass  directlj  through  imbedded  fossils.  If,  then,  the  crys- 
talline, the  slaty,  and  other  modes  of  arrangement,  once  deemed 
characteristic  of  certain  periods  in  the  history  of  the  earth,  have 
in  reality  been  assumed  by  fossiliferous  rocks  of  different  ages 
and  at  different  times,  we  are  prepared  to  inquire  whether  the  same 
may  not  be  true  of  the  most  highly  crystalline  state,  such  as  that  of 
gneiss,  mica-schist,  and  statuary  marble.  That  the  peculiar  cha- 
lacteristics  of  such  rocks  are  really  due  to  a  variety  of  modifying 
causes  has  long  been  suspected  by  many  geologists,  and  the  doctrine 
luu  gained  ground  of  late,  although  a  considerable  difference  of 
opinion  still  prevails.  According  to  the  original  Neptunian  theory, 
all  the  crystalline  formations  were  precipitated  from  a  universal 
menstruum  or  chaotic  fluid  antecedently  to  the  creation  of  animals 
and  pUnts,  the  unstratiOed  granite  having  been  first  thrown  down  so 
as  to  serve  as  a  floor  or  foundation  on  which  gneiss  and  other 
stratified  rocks  might  repose.  Afterwards,  when  the  igneous  origin 
of  granite  was  no  longer  disputed,  many  conceived  that  a  thermal 
ocean  enveloped  the  globe,  at  a  time  when  the  first-formed  crust  of 
gnmite  was  cooling,  but  when  it  still  retained  much  of  its  heat.  The 
hot  waters  of  this  ocean  held  in  solution  the  ingredients  of  gneiss, 
mica-schist,  hornblende-schist,  clay-slate,  and  marble,  rocks  which 
were  precipitated,  one  after  the  other,  in  a  crystalline  form.  No 
fossils  could  be  inclosed  in  them,  the  high  temperature  of  the  fluid 
tad  the  quantity  of  mineral  matter  which  it  held  in  solution,  render- 
ing it  unfit  for  the  support  of  organic  beings. 

It  would  be  inconsistent  with  the  plan  of  this  work  to  enter  here 
into  a  detailed  account  of  what  I  have  elsewhere  termed  the  meta^ 
morphic  theory* ;  but  I  may  state  that  it  is  now  demonstrable  in  some 
eoantries  that  fossiliferous  formations,  some  of  them  of  the  age  of  the 
^urian  strata,  as  near  Christiana  in  Norway,  others  belonging  to 
the  Oolitic  period,  as  around  Carrara  in  Italy,  have  been  converted 
ptrtially  into  gneiss,  mica-schist,  and  statuary  marble.  The  trans- 
mutation has  been  effected  apparently  by  the  influence  of  subter- 
ranean heat,  acting  under  great  pressure,  or  by  chemical  and  electri- 
cal causes  operating  in  a  manner  not  yet  understood,  and  which  have 
been  termed  Plutonic  action,  as  expressing,  in  one  word,  all  the 
modifying  causes  which  may  be  brought  into  play  at  great  depths, 
and  under  conditions  never  exemplified  at  the  surface.  To  this 
Platonic  action  the  fusion  of  granite  itself  in  the  bowels  of  the  earth, 
well  as  the  super-inducement  of  the  metamorphic  texture  into 
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sedimentary  strata,  must  be  attributed ;  and  in  accordance  ill 
views  the  age  of  each  metamorphic  formation  may  be  said  H 
fold,  for  we  have  first  to  consider  the  period  when  it  ori^ 
an  aqueous  deposit,  in  the  form  of  mud,  sand,  marl,  or  lii 
secondly,  the^date  at  which  it  acquired  a  crystalline  textuf 
same  strata,  therefore,  may,  according  to  this  view,  be  ver| 
in  reference  to  the  time  of  their  deposition,  and  very  lai 
regard  to  the  period  of  their  assuming  the  metamorphic  chw 

No  proofs  that  these  crystalline  rocks  were  produced  moi 
dantly  at  remote  periods,  —  Several  modern  writers,  without 
the  truth  of  the  Plutonic  or  metamorphic  theory,  still  cool 
the  crystalline  and  non-fossiliferous  formations,  whether  stni 
unstratified,  such  as  gneiss  and  granite,  are  essentially  and 
class  of  rocks.  They  were  generated,  say  they,  most  abanj 
a  primeval  state  of  the  globe,  since  which  time  the  quantity  ] 
has  been  always  on  the  decrease,  until  it  became  very  inconi 
in  the  Oolitic  and  Cretaceous  periods,  and  quite  evanesces 
the  commencement  of  the  tertiary  epoch. 

Now  the  justness  of  these  views  depends  almost  entire^ 
question  whether  granite,  gneiss,  and  other  rocks  of  the  saa 
ever  originated  at  the  surface,  or  whether,  according  to  the 
above  adopted,  they  are  essentially  subterranean  in  their  orij 
therefore  entitled  to  the  appellation  of  hypogejie.  If  th 
formed  superficially  in  their  present  state,  and  as  eopiousl 
modern  as  in  the  more  ancient  periods,  we  ought  to  see  a 
abundance  of  tertiary  and  secondary  than  of  primary  grai 
gneiss ;  but  if  we  adopt  the  hypogene  theory  before  explaim 
rapid  diminution  in  volume  among  the  visible  rocks  in  th» 
crust  in  proportion  as  we  investigate  the  formations  of  newer 
quite  intelligible.  If  a  melted  mass  of  matter  be  now  cooli 
slowly  at  the  depth  of  several  miles  beneath  the  crater  of  ai 
volcano,  it  must  remain  invisible  until  great  revolutions  in  th< 
crust  have  been  brou2^ht  about.  So  also  if  stratified  rocks  ha 
subjected  to  Plutonic  action,  and  after  havinj^  been  baked  or 
to  semi -fusion,  are  now  cooling  and  crystallizing  far  under  gr 
will  probably  recpiire  tlie  lapse  of  many  periods  before  tl 
be  forced  up  to  the  surface  and  exposed  to  view,  even  at 
point.  To  effect  this  purpose  there  may  be  need  of  as 
development  of  subterranean  movement  as  that  which  in  tl 
Andes,  and  Himalaya  has  raised  marine  strata  containing  an 
to  the  height  of  8000,  14,C00,  and  16,000  feet.  By  parity  of 
injj  we  can  hardly  expect  tliat  any  hypogene  rocks  of  the 
periods  will  have  been  brought  within  the  reach  of  human  < 
tion,  seeing  that  the  emergence  of  such  rocks  must  always  be 
posterior  to  the  date  of  their  origin,  and  still  less  can  formi 
this  class  become  generally  visible  until  so  much  time  has  elj 
to  confer  on  them  a  high  relative  antiquity.  Extensive  del 
must  also  combine  with  upheaval  before  they  can  be  displaye 
surface  throughout  wide  areas. 


A 


H.  XIL]  HYPOGENE  TEXTUKE.  179 

All  geologists  who  reflect  on  subterranean  movements  now  going 
3,  and  the  eruptions  of  active  volcanos,  are  convinced  that  great 
langes  are  now  continually  in  progress  in  the  interior  of  the  earth's 
rust  far  out  of  sight.  They  must  be  conscious,  therefore,  that  the 
taccessibility  of  the  regions  in  which  these  alterations  are  taking 
lace,  compels  them  to  remain  in  ignorance  of  a  great  part  of  the 
'orking  of  existing  causes,  so  that  they  can  only  form  vague  con- 
K^tures  in  regard  to  the  nature  of  the  products  which  volcanic  heat 
lay  elaborate  under  great  pressure. 

But  when  they  find  in  mountain-chains  of  high  ^  antiquity,  that 
hat  was  once  the  interior  of  the  earth's  crust  has  since  been  forced 
Qtwards  and  exposed  to  view,  they  will  naturally  expect  in  the 
lamination  of  those  mountainous  regions,  to  have  an  opportunity 
f  gratifying  their  curiosity  by  obtaining  a  sight  not  only  of  the 
operficial  strata  of  remote  eras,  but  also  of  the  contemporaneous 
lether-formed  rocks.   Having  recognized,  therefore,  in  such  mountain- 
hains  some  ancient  rocks  of  aqueous  and  volcanic  origin,  correspond- 
ng  in  character  to  superficial  formations  of  modern  date,  they  will 
"egard  any  other  class  of  ancient  rocks,  such  as  granite  and  gneiss,  as 
he  residual  phejwmena  of  which  they  are  in  search.     These  latter 
t)cks  will  not  answer  the  expectations  previously  formed  of  their 
>robable  nature  and  texture,  unless  they  wear  a  foreign  and  mys- 
erious  aspect,  and  have  in  some  places  been  fused  or  altered   by 
lobterranean  heat ;  in  a  word,  unless   they  differ  wholly  from  the 
bssiliferous  strata  deposited  at  the  surface,  or  from  the  lava  and 
icorise  thrown  out  by  volcanos   in  the   open   air.     It  is  the  total 
listinctness,  therefore,  of  crystalline   formations,   such   as  granite, 
lomblende-schist,  and  the  rest,  from  every  substance  of  which  the 
>rigin  is  familiar  to  us,  that  constitutes  their  claim  to  be  regarded  as 
the  effects  of  causes  now  in  action  in   the   subterranean   regions. 
ITiey  belong  not  to  an  order  of  things  which  has  passed  away ;  they 
ire  not  the  monuments  of  a  primeval  period,  bearing  inscribed  upon 
them  in  obsolete  characters  the  words  and  phrases  of  a  dead  language ; 
bat  they  teach  us  that  part  of  the  living  language  of  nature,  which 
«re  cannot  learn  by  our  daily  intercourse  with  what  passes  on  the 
habitable  surface. 
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8uppot<d  atenate  periods  of  repote  and  disorder — Obeenred  ft! 
doctrine  hai  originated^Theee  maj  be  explained  bj  snpporiag 
ludnlerrnpted  ewiei  of  changes — TlixeelbldooosidcnidoiioftUsI 
reftrenee  to  the  living  ereatioo,  extinction  of  speciesi  and  origlii 
and  plaoli)  seooodlj»  In  referanoe  to  the  changes  pcodnced  in  Iki 
tihe  continnance  of  snbteiranean  moTements  in  certain  aieai^  and  tf 

'  after  long  periods  to  new  areas ;  thirdlj,  in  reference  to '] 
govern  the  ftrmatioo  of  IbsriHferoas  8trat%  and  the  shifting  of  te  i 
tary  deposition'— On  the  combined  iufinence  of  all  these  ml 
of  dumge  in  prodndng  breaks  and  chasms  in  the  chain  of  recoid 
nmaifcs  on  the  ident^f  of  the  ancient  and  present  qr>tem  of  tei^l 

Origin  of  the  doctrine  of  alternate  periods  of  repose  i 
-—It  has  been  tralj  observed,  that  when  we  arrange  the 
formations  in  chronological  order,  they  constitate  a 
defective  series  of  monuments :  we  pass  without  any 
gradations,  from  systems  of  strata  which  are  horizon 
systems  which  are  highly  inclined,  from  rocks  of  pecv 
composition  to  others  which  have  a  character  wholly  dif 
one  assemblage  of  organic  remains  to  another,  in  whic 
all  the  species,  and  most  of  the  genera,  are  diffei 
violations  of  continuity  are  so  common,  as  to  constiti 
rather  than  the  exception,  and  they  have  been  considei 
geologists  as  conclusive  in  favour  of  sudden  revola 
inanimate  and  animate  world.  According  to  the  sp 
some  writers,  there  have  been  in  the  past  history  oi 
alternate  periods  of  tranquillity  and  convulsion,  the  fon 
for  ages,  and  resembling  that  state  of  things  now  ei 
man  :  the  other  brief,  transient,  and  paroxysmal,  giving 
mountains,  seas,  and  valleys,  annihilating  one  set  of  oi] 
and  ushering  in  the  creation  of  another. 

It  will  be  the  object  of  the  present  chapter  to  demc 
these  theoretical  views  are  not  borne  out  by  a  fair  inte 
geological  monuments.  It  is  true  that  in  the  solid  fram 
globe,  we  have  a  chronological  chain  of  natural  reco9 
many  links  in  this  chain  are  wanting ;  but  a  careful  coi 
all  the  phenomena  will  lead  to  the  opinion  that  th 
originally  defective,— that  it  has  been  rendered  still 
time — that  a  great  part  of  what  remains  is  inaccessibh 
even  of  that  fraction  which  is  accessible,  nine  tenths  ai 
unexplored. 
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How  the  facts' may  be  explained  by  assuming  a  uniform  series  of 
kanges. — The  readiest  way,  perhaps,  of  persuading  the  reader  that 
'e  may  dispense  with  great  and  sudden  revolutions  in  the  geological 
rder  of  events,  is  by  showing  him  how  a  regular  and  uninterrupted 
iries  of  changes  in  the  animate  and  inanimate  world,  may  give  rise 
I  snch  breaks  in  the  sequence,  an4  such  unconformability  of  stratified 
>cks,  as  are  usually  thought  to  imply  convulsions  and  catastrophes. 
is  scarcely  necessary  to  state,  that  the  order  of  events  thus  assumed 
occur,  for  the  sake  of  illustration,  must  be  in  harmony  with  all  the 
inclusions  legitimately  drawn  by  geologists  from  the  structure  of  the 
rth,  and  must  be  equally  in  accordance  with  the  changes  observed 
'  man  to  be  now  going  on  in  the  living  as  well  as  in  the  inorganic 
eation.  It  may  be  necessary  in  the  present  state  of  science  to 
pply  some  part  of  the  assumed  course  of  nature  hypothetically;  but 
80,  this  must  be  done  without  any  violation  of  probability,  and 
irays  consistently  with  the  analogy  of  what  is  known  both  of  the 
St  and  present  economy  of  our  system.  Although  the  discussion  of 
comprehensive  a  subject  must  carry  the  beginner  far  beyond  his 
pth,  it  will  also,  it  is  hoped,  stimulate  his  curiosity,  and  prepare 
n  to  read  some  elementary  treatises  on  geology  with  advantage, 
1  teach  him  the  bearing  on  that  science  of  the  changes  now  in 
)gress  on  the  earth.  At  the  same  time  it  may  enable  him  the 
:ter  to  understand  the  intimate  connexion  between  the  second  and 
rd  books  of  this  work,  the  former  of  which  is  occupied  with  the 
iDges  of  the  inorganic,  the  latter  with  those  of  the  organic  creation. 
[n  pursuance,  then,  of  the  plan  above  proposed,  I  shall  consider  in 
3  chapter,  first,  what  may  be  the  course  of  fiuctuation  in  the 
mate  world ;  secondly,  the  mode  in  which  contemporaneous  sub- 
ranean  movements  affect  the  earth's  crust ;  and,  thirdly,  the  laws 
ich  regulate  the  deposition  of  sediment. 

riFORMlTY  OF  CHANGE   CONSIDERED  FIBST  IN  BEFERENCE   TO  THE 

LIVING  CREATION. 

Tirst,  in  regard  to  the  vicissitudes  of  the  living  creation,  all  are 

eed  that  the  sedimentary  strata  found  in  the  earth's  crust  are 

isible  into  a  variety  of  groups,  more  or  less  dissimilar  in  their 

anic  remains  and  mineral  composition.     The  conclusion  universally 

wn  from  the  study  and  comparison  of  these  fossiliferous  groups  is 

I,  that  at  successive  periods,  distinct  tribes  of  knimals  and  plants 

e  inhabited  the  land  and  waters,  and  that  the  organic  types  of  the 

rer  formations  are  more  analogous  to  species  now  existing,  than 

Be  of  more  ancient  rocks.     If  we  then  turn  to  the  present  state 

he  animate  creation,  and  inquire  whether  it  has  now  become  fixed 

1  stationary,  we  discover  that,  on  the  contrary,  it  is  in  a  state  of 

tinual  flux — that  there  are  many  causes  in  action  which  tend 

the  extinction  of  species,  and  which  are  conclusive  against  the 

trine  of  their   unlimited  durability.    But  natural  history  has 

n  saccessfnlly  cultivated  for  so  short  a  period^  Ibal  ft  few  examples 
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only  of  local,  and  perhaps  but  one  or  two  of  absolute,  extirpation  en 

as  yet  be  proved,  and  these  only  where  the  interference  of  mm  \m 

*  been  conspicuous.     It  will  nevertheless  appear  evident,  from  the  fMM 

and  arguments  detailed  in  the  third  book  (from  the  thirty-seventh  to  thi 

forty-second  chapters  inclusive)  that  man  is  not  the  only  ezterminili^ 

agent ;  and  that,  independently  of  his  intervention,  the  annihiktifll 

of  species  is  promoted  by  the  multiplication  and  gradual  diffusioid 

every  animal  or  plant.    It  will  also  appear,  that  every  alteration  ii 

the  physical  geography  and  climate  of  the  globe  cannot  fail  to  hifl 

the  same  tendency.     If  we  proceed  still  farther,  and  inquire  whetlM 

new  species  are  substituted  from  time  to  time  for  those  which  4b 

out,  and  whether  there  are  certain  laws  appointed  by  the  Author  d 

Nature  to  regulate  such  new  creations,  we  find  that  the  period  d 

human  observation  is  as  yet  too  short  to  afford  data  for  dctermioill 

so  weighty  a  question.     All  that  can  be  done  is  to  show,  thttdM 

successive  introduction  of  new  species  may  be  a  constant  part  of  Al 

economy  of  the  terrestrial  system,  without  our  having  any  right  M 

expect  that  we  should  be  in  possession  of  direct  proof  of  the  M 

The   appearance  again  and  again  of  new  species  may  easily  hifl 

escaped  detection,  since  the  numbers  of  known  animals  and  pbMl 

have  augmented  so  rapidly  within  the  memory  of  persons  now  lifiil 

as  to  have  doubled  in  some  classes,  and  quadrupled  in  others.    It  wil 

also  be  remarked  in  the  sequel  (book  iii.  chap.  43.),  that  it  inui 

always  be   more   easy  if  species   proceeded   originally  from   sing! 

stocks,  to  prove  that  one  which  formerly  abounded  in  a  given  distric 

has  ceased  to  be,  than  that  another  has  been  called  into  being  fo 

the  first  time.     If,  therefore,  there  be  as  yet  only  one  or  two  uneqd 

vocal  instances  of  extinction,  namely,  those  of  the  dodo  and  solitair 

(see  ch.  41.),  it  is  scarcely  reasonable  as  yet  to  hope  that  we  shod 

be  cognizant  of  a  single  instance  of  the  first  appearance  of  a  oei 

species. 

Jiicent  origin  of  man  ^  and  gradual  approach  in  the  tertiary  fotd 
of  sfieccssive  periods  from  an  extinct  to  the  recent  J  anna. -^1^ 
geologist,  however,  if  rccjuired  to  advance  some  fact  which  DM 
h'lid  countenance  to  the  opinion  that  in  tlie  most  modern  times,  th 
is  to  say,  after  the  greater  part  of  the  existing  fauna  and  flora  we 
establisiied  on  the  earth,  tlure  has  still  bien  a  new  species  auj>eraddl 
may  point  to  man  hinis«4f  as  furnishing  th«;  re(iuired  illust ration,* 
for  man  must  be  regarded  by  the  geoloL'i^t  as  a  creature  of  yesterdi 
not  merelv  in  reference  to  the  past  history  of  the  orjcanic  wor' 
hut  also  in  relation  to  that  particular  state  of  the  animate  creation 
whicli  he  forms  a  part.  Th(i  comparatively  modern  introiiuctioo 
the  human  race  is  proved  by  the  absence  of  the  remains  of  man  I 
his  works,  not  only  from  all  strata  containing  a  certain  proportion 
fossil  sh(4ls  of  extinct  species,  but  even  from  a  large  part  of  t 
newest  strata,  in  which  all  the  fossil  individuals  are  referable 
sp»ei«'S  still  living. 

To  enable  the  reader  to  appreciate  the  full  force  of  this  eviden 
I  shall  give  a  slight  sketch  of  the  information  obtained   from 
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strata,  respecting  fluctuatioos  in  the  animate  world  in  times 
liately  antecedent  to  tho  appearance  of  man. 
tracing  the  series  of  fossiliferous  formations  from  the  more 
t  to  the  more  modern,  the  first  deposits  in  which  we  meet  with 
t>lages  of  organic  remains,  having  a  near  analogy  to  the  fauna 
tain  parts  of  the  globe  in  our  own  time,  are  those  commonly 
tertiary.  Even  in  the  Eocene,  or  oldest  subdivision  of  thesa 
7  formations,  some  few  of  the  testacea  belong  to  existing 
s,  although  almost  all  of  them,  and  apparently  all  the  associated 
trata,  are  now  extinct.  These  Eocene  strata  are  succeeded  by 
it  number  of  more  modern  deposits,  which  depart  gradually  in 
laracter  of  their  fossils  from  the  Eocene  tjpe,  and  approach 
and  more  to  that  of  the  living  creation.  In  the  present  state  of 
e,  it  is  chiefly  by  the  aid  of  shells  that  we  are  enabled  to.  arrive 
se  results,  for  of  all  classes  the  testacea  are  the  most  generally 
^  in  a  fossil  state,  and  may  be  called  the  medals  principally 
yed  by  nature,  in  recording  the  chronology  of  past  events.  In 
liocene  deposits,  which  are  next  in  succession  to  the  Eocene, 
gin  to  find  a  considerable  number,  although  still  a  minority,  of 
;  species,  intermixed  with  some  fossils  common  to  the  preceding 
.  We  then  arrive  at  the  Pliocene  strata,  in  which  species  now 
nporary  with  man  begin  to  preponderate,  and  in  the  newest  of 

nine  tenths  of  the  fossils  agree  with  species  still  inhabiting  the 
bouring  sea. 

thus  passing  from  the  older  to  the  newer  members  of  the 
Tj  system  we  meet  with  many  chasms,  but  none  which  separate 
ly,  by  a  broad  line  of  demarcation,  one  state  of  the  organic 
'from  another.  There  are  no  signs  of  an  abrupt  termination  of 
luna  and  flora,  and  the  starting  into  life  of  new  and  wholly 
ct  forms.  Although  we  are  far  from  being  able  to  demonstrate 
Really  an  insensible  transition  from  the  Eocene  to  the  Miocene, 
m  from  the  latter  to  the  recent  fauna,  yet  the  more  we  enlarge 
lerfect  our  general  survey,  the  more  nearly  do  we  approximate 
h  a  continuous  series,  and  the  more  gradually  are  we  conducted 
times  when  many  of  the  genera  and  nearly  all  the  species  were 
jt,  to  those  in  which  scarcely  a  single  species  flourished  which 

not  know  to  exist  at  present.  Dr.  A.  Philippi,  indeed,  after  an 
ate  comparison  of  the  fossil  tertiary  shells  of  Sicily  with  those 
iving  in  the  Mediterranean,  announces  as  the  result  of  his  ex- 
tion  that  there  are  strata  in  that  island,  which  attest  a  very 
al  passage  from  a  period,  when  only  thirteen  in  a  hundred  of 
liells  were  like  the  species  now  living  in  the  sea,  to  an  era 
the  recent  species  had  attained  a  proportion  of  ninety-five  in 
tdred.  There  is  therefore  evidence,  he  says,  in  Sicily  of  this 
ition  in  the  animate  world  having  been  effected  "  without  the 
ention  of  any  convulsion  or  abrupt  changes,  certain  species 
^  from  time  to  time  died  out,  and  others  having  been  introduced, 
%X  length  the  existing  fauna  was  elaborated.'' 
had  often  been  objected  that  the  evidence  of  fossil  species 

N    4 
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occurring  in  two  consecutive  formations,  was  confined  to  the  tesUcet 
or  zoophytes,  the  characters  of  which  are  less  marked  and  deciaive 
than  those  afforded  bj  the  vertebrate  animals.  But  Mr.  Owen 
has  lately  insisted  on  the  important  fact,  that  not  a  few  of  the 
quadrupeds  which  now  inhabit  our  island,  and  among  others  the 
horse,  the  ass,  the  hog,  the  smaller  wild  ox,  the  goat,  the  red  deer, 
the  roe,  the  beaver,  and  many  of  the  diminutive  rodents,  are  the  same 
as  those  which  once  co-existed  with  the  mammoth,  the  great  northen 
hippopotamus,  two  kinds  of  rhinoceros,  and  other  mammalia  long 
since  extinct.  "  A  part,"  he  observes,  "  and  not  the  whole  of  the 
modern  tertiary  fauna  has  perished,  and  hence  we  may  conclude  thit 
the  cause  of  their  destruction  has  not  been  a  violent  and  aniveml 
catastrophe  from  wliich  none  could  escape."* 

Had  we  discovered  evidence  that  man  had  come  into  the  earth 
at  a  period  as  early  as  that  when  a  large  number  of  the  fosffll 
quadrupeds  now  living,  and  almost  all  the  recent  species  of  Iml 
freshwater,  and  marine  shells  were  in  existence,  we  should  have  been 
compelled  to  ascribe  a  much  higher  antiquity  to  our  species,  thin 
even  the  boldest  speculations  of  the  ethnologist  require,  for  no  smtll 
part  of  the  great  physical  revolution  depicted  on  the  map  of  £arope 
(PI.  3.)  before  described,  took  place  very  gradually  after  the  recent 
testacea  abounded  almost  to  the  exclusion  of  the  extinct.     Thus, 
for  example,   in  the  deposits   called   the  "  northern  drit't,"  or  the 
jrlacial  formation  of  Europe  and  North  America,  the  fossil  marine 
shells  can  easily  be  identified  with  species  either  now  inhabiting  the 
neighbouring  sea,  or  living  in  the  seas  of  higher  latitudes.     Yet  they 
exhibit  no  memorials  of  the  human  race,  or  of  articles  fabricated  bj 
the  hand  of  man.      Some  of  the  newest  of  these  strata  passing  by 
the  name  of  **  raised  beaches,"  occur  at  moderate  elevations  on  the 
coast  of  England,  Scotland,  and  Ireland.     Other  examples  are  met 
with  on  a  more  extended  scale  in  Scandinavia,  as  at  the  height  of  200 
feet  at  Uddevalla  in  Swedt^n,  and  at  twice  that  elevation,  near  Chris- 
tiania,  in  Norway,  also  at  an  altitude  of  600  or  700  feet  in  places 
farther  north.     They  consist  of  beds  of  sand  and  clay,  filling  hollows 
in  a  district  of  granite  and  gneiss,  and  they  must  closely  resemble 
the  accumulations  of  shelly  matter  now  in  progress  at  the  bottom  oi 
the  Norwegian  fiords.     The  rate  at  which  the  land  is  now  rising  it 
Scandinavia,  is  far  too  irregular  in  different  places  to  afford  a  saft 


PKistoctMK'    fossils,    examiiu'tl    l)y    >rr.  iiml  M.  Apissiz.     I  have  long  bt*i*n  coffl 

Forl»e>,  in  the  i)aiHT  U't\)re  cited,  j).  88.  >inoc(l  that  we  must  aluimlon  roanTC 

noto.  I)  ar  rnit    some  of  tho  nu)st    ini-  the    itli'iititications    fonnerly    made  < 

j)ortant    roncln<ions    of    M.    l)eshnye<,  Eocene    with    recent    shells  ;  but  wo 

quoted  hy  me  in  the  first  edition  of  the  errors  of  this  kind  do  not  ftffect  the  g« 

rrinciples,  1831,  and  the  recent  ol)>erva-  neral  reasoning  on  the  suhjecl,    See 

tions  of  Philijtpi  in  reg.inl  to  the  i)a>s.i;;e  di-iens-ion    o\\    this  question,   QuaiteH 

of  sjieciv's  from  one  formation  to  another.  Journ.  of  Geog.  Soc.,  No.  5.  p.  47.,  Fd 

I  refer  to  these  authorities  more  esiK\'iul!y  1846. 
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I  for  estimating  the  minimum  of  time  required  for  the  up- 
f  the  fundamental  granite,  and  its  marine  shelljr  covering,  ta 
ht  of  so  many  hundred  feet ;  but  according  to  the  greatest 
,  of  Qyg  or  six  feet  in  a  century,  the  period  required  would  be 
isiderable,  and  nearly  the  whole  of  it^  as  well  as  the  ante- 
poch  of  submergence,  seems  to  have  preceded  the  introduction 
into  these  parts  of  the  earth. 

i  are  other  post-tertiary  formations  of  fluviatile  origin,  in  the 
f  Europe,  in  which  the  absence  of  human  remains  is  perhaps 
»re  striking,  because,  when  formed,  they  must  have  been 
ied  by  dry  land.  I  allude  to  the  silt  or  loess  of  the  basin  of 
ne,  which  must  have  gradually  filled  up  the  great  valley  of 
er  since  the  time  when  its  waters,  and  the  contiguous  lands, 
labited  by  the  existing  species  of  freshwater  and  terrestrial 
).  Showers  of  ashes,  thrown  out  by  some  of  the  last  erup- 
the  Eifel  volcanos,  fell  during  the  deposition  of  this  fluviatile 
I  were  interstratified  with  it  But  these  volcanos  became 
ed,  the  valley  was  re-excavated  through  the  silt,  and  again 
to  its  present  form  before  the  period  of  human  history.  The 
tierefore,  of  this  shelly  silt  reveals  to  us  the  history  of 'a  long 
f  events,  which  occurred  after  the  testacea  now  living  inha- 
e  land  and  rivers  of  Europe,  and  the  whole  terminated  with- 
signs  of  the  coming  of  man  into  that  part  of  the  globe, 
te  a  still  more  remarkable  example,  we  observe  in  Sicily  a 
de-land  and  hills,  sometimes  rising  to  the  height  of  3000  feet, 
with  a  limestone,  in  which  from  70  to  85  per  cent,  of  the 
stacea  are  specifically  identical  with  those  now  inhabiting  the 
ranean.  These  calcareous  and  other  argillaceous  strata  of 
e  age  are  intersected  by  deep  valleys  which  have  been  gradu- 
ned  by  denudation,  but  have  not  varied  materially  in  width 
li  since  Sicily  was  first  colonized  by  the  Greeks.  The  lime- 
loreover,  which  is  of  so  late  a  date  in  geological  chronology, 
arried  for  building  those  ancient  temples  of  Girgenti  and 
le,  of  which  the  ruins  carry  us  back  to  a  remote  era  in  human 

If  we  are  lost  in  conjectures  when  speculating  on  the  ages 
i  to  lift  up  these  formations  to  the  height  of  several  thousand 
*ve  the  sea,  how  much  more  remote  must  be  the  era  when  the 
cks  were  gradually  formed  beneath  the  waters ! 
mclude,  it  appears  that,  in  going  back  from  the  recent  to  the 
period,  we  are  carried  by  many  successive  steps  from  the 
ow  contemporary  with  man  to  an  assemblage  of  fossil  species 
difierent  from  those  now  living.     In  this  retrospect  we  have 

succeeded  in  tracing  back  a  perfect  transition  from  the 
:o  an  extinct  fauna ;  but  there  are  usually  so  many  species  in 
I  to  the  groups  which  stand  next  in  succession  as  to  show 
Te  is  no  great  chasm,  no  signs  of  a  crisis  when  one  class  of 

beings  was  annihilated  to  give  place  suddenly  to  another, 
imlogy,  therefore,  derived  from  a  period  of  the  earth's  history 
san  best  be  compared  with  the  present  state  of  things,  and 
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more  thoroughly  investigated  than  any  other,  leads  to  the  condusioi 
that  the  extinction  and  creation  of  species,  has  heen  and  is  the  resoll 
of  a  slow  and  gradual  change  in  the  organic  world. 

UNIFORMrrT   OF    CHANGE   CONSIDEBED,    SECONDLY,    IN   BEFEBENCB  VQ 

SUBTERRANEAN  MOVEMENTS. 

To  pass  on  to  another  of  the  three  topics  before  proposed  for  di* 
cussion,  the  reader  will  find,  in  the  account  given  in  the  second  bool 
of  the  earthquakes  recorded  in  history,  that  certain  countries  have 
from  time  immemorial,  been  rudely  shaken  again  and  again,  whik 
others,  comprising  by  far  the  largest  part  of  the  globe,  have  remainai 
to  all  appearance  motionless.  In  the  regions  of  convulsion  rodb 
have  been  rent  asunder,  the  surface  has  been  forced  up  into  ridgei 
chasms  have  opened,  or  the  ground  throughout  large  spaces  has  beei 
permanently  lifted  up  above  or  let  down  below  its  former  leveL  Ii 
the  regions  of  tranquillity  some  areas  have  remained  at  rest,  be 
others  have  been  ascertained  by  a  comparison  of  measurements,  mad 
at  different  periods,  to  have  risen  by  an  insensible  motion,  as  ii 
Sweden,  or  to  have  subsided  very  slowly,  as  in  Greenland.  Th» 
these  same  movements,  whether  ascending  or  descending,  have  cob 
tinned  for  ages  in  the  same  direction  has  been  established  by  geolo 
gical  evidence.  Thu:!,  we  find  both  on  the  east  and  west  cuast  o 
Sweden,  that  ground  which  formerly  constituted  the  bottom  of  th* 
Baltic  and  of  the  ocean  has  been  lifted  up  to  an  elevation  of  seven 
hundred  feet  above  hiffh-water  mark.  The  rise  within  llie  historica 
period  has  not  amounted  to  many  yards,  but  the  greater  extent  o 
antecedent  upheaval  is  proved  by  the  occurrence  in  inland  spotf 
several  hundred  feet  high,  of  deposits  filled  with  fossil  shells  of  specie 
now  living  either  in  the  ocean  or  the  Baltic. 

To  detect  proofs  of  slow  and  gradual  subsidence  must  in  genera 
be  more  dilficult ;  but  the  theory  which  accounts  for  the  form  o 
circular  coral  reefs  and  lapjoon  islands,  and  which  will  be  expluinei 
in  the  last  chapter  of  the  third  book,  will  satisfy  the  reader  that  ther 
are  spaces  on  the  globe,  several  thousand  miles  in  circumference 
throughout  which  the  downward  movement  has  predominated  fo 
ages,  and  yet  the  land  has  never,  in  a  si:ii::lc  instance,  gone  dowi 
suddenly  for  several  hundred  feet  at  once.  Yit  geology  demonstrate 
that  the  persistency  of  subterranean  movenu  iits  in  one  direction  ha 
not  been  perpetual  throughout  all  j)a3t  time.  Tiiere  have  been  grei 
oseillations  of  level  by  which  a  surface  of  dry  land  has  been  sul 
merged  to  a  depth  of  several  thousand  feet,  and  then  at  a  period  Ion 
6ubse(iuent  raised  again  and  made  to  emerge.  Nor  have  the  region 
now  motionless  been  always  at  rest ;  and  some  of  those  which  arc  I 
present  the  theatres  of  reiterated  earth([uak('S  have  formerly  enjoyc 
a  long  continuance  of  trancjuillity.  But  although  disturbances  ban 
ceased  after  having  long  prevailed,  or  have  recommenced  after 
suspension  for  ages,  there  has  been  no  universal  disruption  of  tl 
earth's  crust  or  desolation  of  the  surface  since  times  the  most  remol 
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The  non-occarrence  of  such  a  general  convulsion  is  proved  by  the 
perfect  horizontalitj  now  retained  by  some  of  the  most  ancient  fos- 
siliferous  strata  throughout  wide  areas. 

Inferences  derived  from  unconformable  strata, — That  the  sub- 
terranean forces  have  visited  different  parts  of  the  globe  at  succes- 
sive periods,  is  inferred  chiefly  from  tho  unconformability  of  strata 
belonging  to  groups  of  different  ages.  Thus,  for  example,  on  the 
borders  of  Wales  and  Shropshire  we  find  the  slaty  beds  of  the 
ancient  Silurian  system  curved  and  vertical,  while  the  beds  of  the 
overlying  carboniferous  shale  and  sandstone  are  horizontal.  All  are 
agreed,  that  in  such  a  case  the  older  set  of  strata  had  suffered  great 
dislocation  before  the  deposition  of  the  newer  or  carboniferous 
beds,  and  that  these  last  have  never  since  been  convulsed  by  any 
movements  of  excessive  violence.  But  the  strata  of  the  inferior 
group  suffered  only  a  local  derangement,  and  rocks  of  the  same  age 
are  by  no  means  found  every  where  in  a  curved  or  vertical  position. 
In  various  parts  of  Europe,  and  particularly  near  Lake  Wener  in 
the  south  of  Sweden,  and  in  many  parts  of  Russia,  beds  of  the  same 
Silurian  system  maintain  the  most  perfect  horizontality ;  and  a 
similar  observation  may  be  made  respecting  limestones  and  shales  of 
the  like  antiquity  in  the  great  lake  district  of  Canada  and  the  United 
States.  They  are  still  as  fiat  and  horizontal  as  when  first  formed ; 
yet  since  their  origin  not  only  have  most  of  the  actual  mountain- 
chains  been  uplifted,  but  the  very  rocks  of  which  those  mountains 
are  composed  have  been  formed. 

It  would  be  easy  to  multiply  instances  of  similar  unconformability 
in  formations  of  other  ages  ;  but  a  few  more  will  suffice.  The  Coal- 
measures  before  alluded  to  as  horizontal  on  the  borders  of  Wales  are 
vertical  in  the  Mendip  Hills  in  Somersetshire,  where  the  overlying 
beds  of  the  New  Red  Sandstone  are  horizontal.  Again,  in  the 
Wolds  of  Yorkshire  the  last  mentioned  sandstone  supports  on  its 
curved  and  inclined  beds  the  horizontal  Chalk.  The  Chalk  again  is 
vertical  on  the  fianks  of  the  Pyrenees,  and  the  tertiary  strata  repose 
unconformably  upon  it. 

Consistency  of  local  disturbances  with  general  uniformity.  — As 
almost  every  country  supplies  illustrations  of  the  same  phenomena, 
they  who  advocate  the  doctrine  of  alternate  periods  of  disorder  and 
repose  may  appeal  to  the  facts  above  described,  as  proving  that  every 
district  has  been  by  turns  convulsed  by  earthquakes  and  then 
respited  for  ages  from  convulsions.  But  so  it  might  with  equal  truth 
be  afi&rmed  that  every  part  of  Europe  has  been  visited  alternately  by 
winter  and  summer,  although  it  has  always  been  winter  and  always 
summer  in  some  part  of  the  planet,  and  neither  of  these  seasons  has 
ever  reigned  simultaneously  over  the  entire  globe.  They  have  been 
always  shifting  about  from  place  to  place ;  but  the  vicissitudes  which 
recur  thus  annually  in  a  single  spot  are  never  allowed  to  interfere 
with  the  invariable  uniformity  of  seasons  throughout  the  whole  planet. 

So,   in  r^ard  to  subterranean  movements^ 
perpetual  uniformity  of  the  force  which  they 
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crust  Is  quite  consistent  with  the  admission  of  their  alternate 
development  and  suspension  for  indefinite  periods  within  limited 
geographical  areas. 


UNIFOKMIXr  OF   CHANGE   CONSIDERED,   THIRDLY,   IN  REFERENCE  TO 

SEDIMENTARY  DEPOSITION. 

It  now  remains  to  speak  of  the  laws  governing  the  deposition  of 
new  strata.  If  we  survey  tlie  surface  of  the  globe  we  immediately 
perceive  that  it  is  divisible  into  areas  of  deposition  and  non-deposition, 
or,  in  other  words,  at  any  given  time  there  are  spaces  which  are  the 
recipients,  others  which  are  not  the  recipients  of  sedimentary  matter. 
No  new  strata,  for  example,  are  thrown  down  on  dry  land,  which 
remains  the  same  from  year  to  year ;  whereas,  in  many  parts  of  the 
bottom  of  seas  and  lakes,  mud,  sand,  and  pebbles  are  annually  spread 
out  by  rivers  and  currents.  There  are  also  great  masses  of  limestone 
growing  in  some  seas,  or  in  mid  ocean,  chiefly  composed  of  corals 
and  shells. 

No  sediment  deposited  on  dry  land. — As  to  the  dry  land,  so  far 
from  being  the  receptacle  of  fresh  accessions  of  matter,  it  is  exposed 
almost  every  where  to  waste  away.  Forests  may  be  as  dense  and 
lofty  as  those  of  Brazil,  and  may  swarm  with  quadruped?,  birds,  and 
insects,  yet  at  the  end  of  ten  thousand  years  one  layer  of  black 
nriould,  a  few  inches  thick,  may  be  the  sole  representative  of  those 
myriads  of  trees,  leaves,  flowers,  and  fruits,  those  innumerable  bones 
and  skeletons  of  birds,  quadrupeds,  and  rei)tiles,  which  tenanted  the 
fertile  region.  Should  this  land  be  at  length  submerged,  the 
waves  of  the  sea  may  wash  away  in  a  few  hours  the  scanty  covering 
of  mould,  and  it  may  merely  impart  a  darker  shade  of  colour  ^to  the 
next  stratum  of  marl,  sand,  or  other  matter  newly  thrown  down. 
So  also  at  the  bottom  of  the  ocean  where  no  sediment  [is  accumu- 
lating, sea-weed,  zoophytes,  fish,  and  even  shells,  may  multiply  for 
ages  and  decompose,  leaving  no  vestige  of  their  form  or  substance 
behind.  Their  decay,  in  water,  although  more  slow,  is  as  certain 
and  eventually  as  complete  as  in  the  ojien  air.  Nor  can  they  be 
perpetuated  ioT  indefinite  periods  in  a  fossil  state,  unless  imbedded 
in  some  matrix  which  is  impervious  to  water,  or  which  at  least  does 
not  allow  a  free  percolation  of  that  fluid,  impregnated  as  it  usually  is, 
with  a  slight  quantity  of  carbonic  or  other  acid.  Such  a  free 
percolation  may  be  prevented  either  by  the  mineral  nature  of  the 
matrix  itself,  or  by  the  superposition  of  an  impermeable  stratum : 
but  if  unimpeded  the  fos>il  shell  or  bone  will  be  dissolve*!  and 
removed,  particle  after  particle,  and  thus  entirely  effaced,  unless 
petrifaction  or  the  substitution  of  mineral  for  organic  matter  happen 
to  take  place. 

That  there  has  been  land  as  well  as  sea  at  all  former  geological 
periods,  we  know  from  the  fact,  that  fossil  trees  and  terrestrial  plants 
are  imbedded  in  rocks  of  every  age.     Occasionally  lacustrine   and 
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fluviatile  shells,  insects,  or  the  bones  of  amphibious  or  land  reptiles, 
point  to  the  same  conclusion.  The  existence  of  dry  land  at  all 
periods  of  the  past  implies,  as  before  mentioned,  the  partial  deposition 
of  sediment,  or  its  limitation  to  certain  areas  ;  and  the  next  point  to 
which  I  shall  call  the  reader's  attention,  is  the  shifting  of  these  areas 
from  one  region  to  another. 

First,  then,  variations  in  the  site  of  sedimentary  deposition  are 
brought  about  independently  of  subterranean  movements.  There  is 
«^lw^ays  a  slight  change  from  year  to  year,  or  from  century  to  century. 
I^lxe  sediment  of  the  Rhone,  for  example,  thrown  into  the  Lake  of 
Geneva,  is  now  conveyed  to  a  spot  a  mile  and  a  half  distant  from 
tHftt  where  it  accumulated  in  the  tenth  century,  and  six  miles  from 
^^e  point  where  the  delta  began  originally  to  form.  We  may  look 
tor"ward  to  the  period  when  this  lake  will  be  filled  up,  and  then  the 
distribution  of  the  transported  matter  will  be  suddenly  altered,  for 
tHe  mud  and  sand  brought  down  from  the  Alps  will  thenceforth, 
^^stead  of  being  deposited  near  Geneva,  be  carried  nearly  200  miles 
Southwards,  where  the  Rhone  enters  the  Mediterranean. 

In  the  deltas  of  large  rivers,  such  as  those  of  the  Ganges  and 
Indus,  the  mud  is  first  carried  down  for  many  centuries  through  one 
^rm,  and  on  this  being  stopped  up  it  is  discharged  by  another,  and 
^y  then  enter  the  sea  at  a  point  oO  or  100  miles  distant  from  its 
&9t  receptacle.  The  direction  of  marine  currents  is  also  liable  to  be 
changed  by  various  accidents,  as  by  the  heaping  up  of  new  sand 
banks,  or  the  wearing  away  of  cliffs  and  promontories. 

But,  secondly,  all  these  causes  of  fiuctuation  in  the  sedimentary 
areas  are  entirely  subordinate  to  those  great  upward  or  downward 
movements  of  land  which  have  been  already  described  as  prevailing 
over  large  tracts  of  the  globe.  By  such  elevation  or  subsidence 
certain  spaces  are  gradually  submerged,  or  made  gradually  to 
emerge  : — in  the  one  case  sedimentary  deposition  may  be  suddenly 
renewed  after  having  been  suspended  for  ages,  in  the  other  as 
suddenly  made  to  cease  after  having  continued  for  an  indefinite 
period. 

Causes  of  variation  in  mineral  character  of  successive  sedimentary 

groups.  —  If  deposition  be  renewed  after  a  long  interval,  the  new 

strata    will    usually    differ    greatly  from    the    sedimentary    rocks 

previously  formed  in  the  same  place,  and  especially  if  the  older 

rocks   have  suffered  derangement,  which  implies  a  change  in  the 

physical  geography  of  the  district  since  the  previous  conveyance  of 

sediment  to  the  same  spot.     It  may  happen,  however,   that,  even 

when  the  inferior  group  is  horizontal  and  conformable  to  the  upper 

strata,   these  last  may  still  differ  entirely  in  mineral   character, 

because  since  the  origin  of  the  older  formation  the  geography  of 

aome  distant  country  has  been  altered.     In  that  country  rocks  before 

concealed  may  have  become  exposed  by  denudation ;  volcanos  may 

have  burst  out  and  covered  the  surface  with  scorisB  and  lava,  or  new 

lakes  may  have  been  formed  by  subsidence ;   and  other  fluctuations 

may  hare  occurred,  by  which   the  materials  brought  down  from 
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thcnco  by   rivers  to  the   sea    have   acquired   a    distinct   mineral 
character. 

It  is  well  known  that  the  stream  of  the  Mississippi  is  charged 
with  sediment  of  a  different  colour  from  that  of  tlie  Arkansas  and 
Red  Rivers,  which  are  tinged  with  red  mud,  derived  from  rocks 
of  porphyry  in  "  the  far  west."  Tlie  waters  of  the  Uruguay,  says 
Darwin,  draining  a  granitic  country,  are  clear  and  black,  those  of 
the  Parana,  red.*  The  mud  with  which  the  Indus  is  loaded,  says 
Burnes,  is  of  a  clayey  hue,  that  of  the  Chenab,  on  the  other  hand, 
is  reddish,  that  of  the  Sutlej  is  more  pale.f  The  same  causes 
which  make  these  several  rivers,  sometimes  situated  at  no  great 
distance  the  one  from  the  other,  to  differ  greatly  in  the  character  of 
their  sediment,  will  make  the  waters  draining  the  same  country  at 
different  epochs,  especially  before  and  after  great  revolutions  in 
physical  geography,  to  be  entirely  dissimilar.  It  is  scarcely  necessary 
to  add,  that  marine  currents  will  be  affected  in  an  analogous  manner 
in  consequence  of  the  formation  of  new  shoals,  the  emergence  of  new 
islands,  the  subsidence  of  others,  the  gradual  waste  of  neighbouring 
coasts,  the  growth  of  new  deltas,  the  increase  of  coral  reefs,  and  other 
changes. 

ir/ti/  successive  sedimentary  groups  contain  distinct  fossils, — If,  in 
the  next  place,  we  assume,  for  reasons  before  stated,  a  continual  ex* 
tinction  of  species  and  introduction  of  others  into  the  globe,  it  will 
then  follow  that  the  fossils  of  strata  formed  at  two  distant  periods  on 
the  same  spot,  will  differ  even  more  certainly  than  the  mineral  com- 
position of  the  same.  For  rocks  of  tlie  same  kind  have  sometimes 
been  n^produccd  in  the  same  district  after  a  long  interval  of  time, 
whereas  there  are  no  facts  leading  to  the  opinion  that  species  which 
have  once  died  out  have  ever  been  rcprotlnccd.  The  subuiergenoe 
then  of  land  must  be  often  attended  by  the  commencement  of  a  new 
class  of  scilimentary  deposits,  characterized  by  a  new  set  of  ft)?sil 
animals  and  j>lants,  while  the  reconversion  of  the  bed  of  the  sea  into 
land  mav  arrest  at  once  and  for  an  indelinit(?  time  tlie  formation  of 
«;(!ologieal  monuments.  Should  tlu',  land  a;iain  sink,  strata  will  again 
be  formed ;  but  one  or  many  entire  revohitions  in  animal  or  vegetable 
life  may  have  been  completed  in  tlie  interval. 

Conditions  requisite  for  the  oritjinal  completeness  of  a  fossil  iferou* 
series. — If  we  infer,  for  reasons  before  cx|)laine.d,  that  lluctuations  in 
the  animate  world  are  brou;;ht  about  by  the  slow  and  successive 
removal  and  creation  of  species,  we  sliall  be  convinced  that  a  rare 
combination  of  circumstances  alone  can  give  rise  to  such  a  series  of 
strata  as  will  bear  testimony  to  a  gra«lual  passage  from  one  state  of 
organic  life  to  another.  To  produce  such  strata  nothing  less  will  be 
requisite  than  the  fortunate  coincidence  of  the  following  conditions : 
first,  a  never-faiiing  supply  of  sediment  in  the  same  region  throughout 
a  period  of  vast  duration  ;  secondly,  the  fitness  of  the  deposit  in  every 

*  Danvin'a   Jounial,  p.    163.  2d  cd.         f  •h>nrij.  l{i»v.  (Jc(»grupli.  JSoc.  auL  iii. 
1>.  13I».  p.  142. 
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part  for  the  permanent  preservation  of  imbedded  fossils ;  and,  thirdly, 
a  gradual  subsidence  to  prevent  the  sea  or  lake  from  being  filled  up 
and  converted  into  land. 

It  will  appear  in  the  chapter  on  coral  reefs  *,  that,  in  certain  parts 
of  the  Pacific  and  Indian  Oceans,  roost  of  these  conditions,  if  not  all, 
are  complied  with,  and  the  constant  growth  of  coral,  keeping  pace 
with  the  sinking  of  the  bottom  of  the  sea,  seems  to  have  gone  on  so 
alowly,  for  such  indefinite  periods,  that  the  signs  of  a  gradual  change 
in  organic  life  might  probably  be  detected  in  that  quarter  of  the  globe, 
if  we  could  explore  its  submarine  geology.    Instead  of  the  growth 
of  coralline  limestone,  let  us  suppose,  in  some  other  place,  the  con- 
tinuous deposition  of  fiuviatile  mud  and  sand,  such  as  the  Ganges  and 
Brahmapootra  have  poured  for  thousands  of  years  into  the  Bay  of 
Bengal.    Part  of  this  bay,  although  of  considerable  depth,  might  at 
length  be  filled  up  before  an  appreciable  amount  of  change  was  effected 
iQ  the  fish,  mollusca,  and  other  inhabitants  of  the  sea  and  neighbour- 
^g  land.    But,  if  the  bottom  be  lowered  by  sinking  at  the  same  rate 
tliatit  is  raised  by  fiuviatile  mud,  the  bay  can  never  be  turned  into 
^7  land.     In  that  case  one  new  layer  of  matter  may  be  superimposed 
^pon  another  for  a  thickness  of  many  thousand  feet,  and  the  fossils 
of  the  inferior  beds  may  difier  greatly  from  those  entombed  in  the 
uppermost,  yet  every  intermediate  gradation  may  be  indicated  in  the 
passage  from  an  older  to  a  newer  assemblage  of  species.     Granting, 
however,  that  such  an  unbroken  sequence  of  monuments  may  thus  be 
elahorated  in  certain  parts  of  the  sea,  and  that  the  strata  happen  to 
^  all  of  them  well  adapted  to  preserve  the  included  fossib  from 
decomposition,  how  many  accidents  must  still  concur  before  these 
^ibmarine  formations  will  be  laid  open  to  our  investigation !     The 
^bole  deposit  must  first  be  raised  several  thousand  feet,  in  order  to 
bring  into  view  the  very  foundation;  and  during  the  process  of 
•xposure  the  superior  beds  must  not  be  entirely  swept  away  by 
denudation. 

In  the  first  place,  the  chances  are  as  three  to  one  against  the  mere 

emergence  of  the  mass  above  the  waters,  because  three  fourths  of  the 

globe  are  covered  by  the  ocean.     But  if  it  be  upheaved  and  made  to 

constitute  part  of  the  dry  land,  it  must  also,  before  it  can  be  available 

for  our  instruction,  become  part  of  that  area  already  surveyed  by 

geol(^sts ;  and  this  area  comprehends  perhaps  less  than  a  tenth  of 

the  whole  earth.     In  this  small  fraction  of  land  already  explored,  and 

still  very  imperfectly  known,  we  are  required  to  find  a  set  of  strata, 

originally  of  limited  extent,  and  probably  much  lessened  by  subsequent 

denudation. 

Yet  it  is  precisely  because  we  do  not  encounter  at  every  step  the 
evidence  of  such  gradations  from  one  state  of  the  organic  world  to 
another,  that  so  many  geologists  embrace  the  doctrine  of  great  and 
sudden  revolutions  in  the  history  of  the  animate  world.  Not  content 
with  simply  availing  themselves,  for  the  convenience  of  classification, 

*  Book  iiL  ch.  50. 


of  thow  'gi{M  tnd  ohMBU  wludi  ben  md  Omn 
tiiiuitj  of  the  chronolo^cftl  leries,  m  at  present  known,  they  dadoM^ 
from  the  freqneoej  of  these  breaks  in  the  chain  of  reecvd^  ■& 
irregular,  mode  of  aaocesBion  in  the  erenta  tfaemselres  both  ia  ft*  - 
'  otganio  and  inorganic  world.  Bat,  besides  that  khiw  lioka  of  ti» 
oh^  which  once  existed  are  now  clearly  lost  and  odiera  conosalsj. 
fiom  TJew,  wo  have  good  reason  to  suspect  that  it  was  nerer  ao«i|ilate 
otigioall;.  It  may  tmdonbtedlj  be  awd,  that  strata  bare  beeo  alw^» 
ftnning  somewhere  and  therefore  at  everf  moaoent  of  past  tiM 
Batore  has  added  a  page  to  ber  arcbirfla ;  bn^  in  lefaienee  to  "  ~ 
miyeot,  it  should  be  remembered  that  we  can  nerer  bc^  to-eoa 
R  eonsecntive  historj  bf  gathering  tardier  moonmesta  wUA 
M^ginallr  detached  ud  ecattwed  over  tbe  globe.  For 
of  organic  beings  ocmtemporaDeoatlf  Inhabiting  remd 
^stinct,  the  fossils  of  tbe  first  of  several  periods  which  maj  be 
■erred  in  any  one  oonntry,  as  in  America,  for  example  will  ' 
DO  oonnectioii  with  those  of  a  second  period  foood  in  India,  aat 
therefMe  no  more  enable  ns  to  trace  the  ugns  of  »  gradoal  ebu^ 
the  liring  creadon,  than  a  fragment  of  Chinese  hiitorr  will  tUvfm 
blank  in  the  political  annals  of  Eorope.  "■ 

Tbe  abaenoe  of  any  deposita  of  importance  oontaining  reeeat  ehali 
in  GhUi,  or  any  where  on  tbe  western  coast  of  Sonth  Anwrie^  am* 
ral^lsdMr.Darwin  to  the  conclusion  that  "where  the  bedof  tfaoMft 
ii  dther  atationary  or  riung,  circumstances  are  fiw  leas  fkronwMl 
than  where  the  level  is  sinking  to  the  accumulation  of  eooobUbroea  abali 
of  sufficient  thickness  and  extension  to  resist  the  average  i  asl  am«iMt 
of  denndation."*  An  examination  of  the^uperficial  clay,  ssnd,  and 
gravel  of  the  moat  modern  date  in  Norway  and  Sweden,  where  the  land 
is  also  rising,  would  incline  us  to  admit  a  similnr  proposition.  Yet.ia 
these  cases  there  has  been  a  supply  of  sediment  from  the  waste  of  ths 
coast  and  the  interior,  especially  in  Patagonia  sad  Chili.  Neverthelev 
wherever  the  bottom  of  the  sea  li&s  been  continually  elevated,  the  total 
thickness  of  sedimentary  matter  accumulating  at  depths  suited  to  the 
habitation  of  most  of  the  species  of  shells  can  never  be  great,  nor  caa 
the  deposits  be  thickly  covered  by  s u peri ucumbent  matter,  so  as  td  ha 
consolidated  by  pressure.  When  they  are  upheaved,  therefore,  the 
waves  on  the  beach  nil!  bear  down  and  disperse  the  looee  materiab; 
whereasif  the  bed  of  the  sea  subsides  slowly,  amass  of  strata  contwn- 
ing  abundance  of  such  species  as  live  at  moderate  depths  may  iiiiinaiii 
in  thickness  to  any  amount,  and  may  extend  over  a  broad  area,  as  the 
water  gradually  encroaches  on  the  land.  If  then  at  particular  periods, 
as  in  the  Miocene  epoch,  for  example,  both  in  Europe  and  jNTorth 
America,  contemporaneous  shelly  deposits  have  originstt-d  and  have 
been  preserved  at  very  distant  points,  it  may  arise  from  tlic  piwnlenco 
at  that  period  of  simnltanecuB  subsidence  throoghout  very  iviiic  areas. 
The  absence  in  the  same  quarters  of  the  globe  of  strata  mnrking  UiS 
ages  which  immediately  succeeded,  may  be  accounted  for  t>y  supposing 

■  Darwia'i  S.  America,  pp.  lac  139. 
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that  the  level  of  the  bed  of  the  sea  and  the  adjoining  land  was  sta- 
tionary or  was  undergoing  slow  upheavaL 

Hoir  far  some  of  the  gresit  violations  of  continuity  which  now  exist 
in  the  chronological  table  of  fossiliferous  rocks,  will  hereafter  be 
Temored  or  lessened,  must  at  present  be  mere  matter  of  conjecture. 
The  hiatus  which  exists  in  Great  Britain  between  the  fossils  of  the 
lias  and  those  of  the  Magnesian  Limestone,  is  supplied  in  Germany 
by  the  rich  fauna  and  flora  of  the  Muschelkalk,  Keuper,  and  Bunter 
Sandstein,  which  we  know  to  be  of  a  date  precisely  intermediate ; 
those  three  formations  being  interposed  in  Germany  between  others 
which  agree  perfectly  in  their  organic  remains  with  our  Lias  and 
Hagnesian  Limestone.  Until  lately  the  fossils  of  the  Coal-measures 
were  separated  from  those  of  the  antecedent  Silunan  group  by  a  verj 
abrupt  and  decided  line  of  demarcation  ;  but  recent  discoveries  have 
brought  to  light  in  Devonshire,  Belgium,  the  Eifel,  and  Westphalia, 
the  remains  of  a  fauna  of  an  intervening  period.  This  connecting 
link  is  furnished  by  the  fossil  shells,  fish,  and  corals  of  the  Devonian 
or  Old  Red  Sandstone  group,  and  some  species  of  this  newly  inter- 
calated fauna  are  found  to  be  common  to  it  and  the  subjacent  Silurian 
n)cks,  while  other  species  belong  to  it  in  common  with  the  Coal- 
measures.  We  have  also  in  like  manner  had  some  success  of  late 
years  in  diminishing  the  hiatus  which  still  separates  the  Cretaceous 
(uid  Eocene  periods  in  Europe.  Still  we  must  expect,  for  reasons 
before  stated,  that  some  such  chasms  will  for  ever  continue  to  occur 
in  some  parts  of  our  sedimentary  series. 

Consistency  of  the  theory  of  gradual  change,  with  the  existence  of 
great  breaks  in  the  series,  —  To  return  to  the  general  argument 
pursued  in  this  chapter,  it  is  assumed,  for  reasons  above  explained, 
that  a  slow  change  of  species  is  in  simultaneous  operation  every- 
where throughout  the  habitable  surface  of  sea  and  land ;  whereas  the 
fossilization  of  plants  and  animals  is  confined  to  those  areas  where 
new  strata  are  produced.     Tliese  areas,  as  we  have  seen,  are  always 
shifting  their  position ;  so  that  the  fossilizing  process,  by  means  of 
which  the  commemoration  of  the  particular  state  of  the  organic  world, 
at  any  given  time,  is  afiected,  may  be  said  to  move  about,  visiting 
and  revisiting  different  tracts  in  succession. 

To  make  still  more  clear  the  supposed  working  of  this  machinery, 
I  shall  compare  it  to  a  somewhat  analogous  case  that  might  be  ima- 
gined to  occur  in  the  history  of  human  affairs.  Let  the  mortality  of 
the  population  of  a  large  country  represent  the  successive  extinction 
of  species,  and  the  births  of  new  individuals  the  introduction  of  new 
species.  While  these  fluctuations  are  gradually  taking  place  every 
where,  suppose  commissioners  to  be  appointed  to  visit  each  province 
of  the  country  in  succession,  taking  an  exact  account  of  the  number, 
names,  and  individual  peculiarities  of  all  the  inhabitants,  and  leaving 
in  each  district  a  register  containing  a  record  of  this  information. 
If,  after  the  completion  of  one  census,  another  is  immediately  made 
cm  the  same  plan,  and  then  another,  there  will,  at  last,  be  a  series  of 
Btatiatical  documents  in  each  province.  When  those  belonging  to  any 
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one  province  are  arrangi^d  in  chronologic hI  order,  the  contents  o[  tuck 
as  stand  next  to  each  other  will  differ  according  to  the  length  of  tb« 
intervals  of  time  between  the  taking  of  each  census.  If,  for  example^ 
there  are  sixty  provinces,  and  all  the  registers  are  niude  in  a  Mngl« 
year  and  renewed  annually,  the  number  of  births  and  deaths  will  b« 
BO  small,  in  proportion  to  the  whole  of  the  inhabitants,  during  the  in- 
terval between  the  compiling  of  two  consecuti»e  documents,  thai  ths 
individuiils  described  in  such  documents  will  be  neurly  ideotteali 
wbenias,  if  the  survey  of  each  of  the  sixty  provinces  occupies  all  tlia 
commiagioners  for  a  whole  year,  so  thai  they  are  unable  to  revlail 
the  same  place  until  the  expiration  of  sixty  years,  there  will  tluD 
be  an  almost  entire  discordance  between  the  persons  enumerated 
in  two  consecutive  registers  in  the  same  province.  There  are,  un- 
doubtedly, other  causes  besides  the  mere  quantity  of  time,  which  icuy 
augment  or  diminish  the  amount  of  dii<crepancy>  Thus,  at  Mnu 
periods  a  pestilential  disease  may  have  lessened  the  average  dunli<n 
of  human  life,  or  a  variety  of  circumstances  may  have  caused  tin 
births  to  be  unusually  numerous,  and  the  population  to  multiply;  or, 
a  province  may  be  suddenly  colonised  by  persons  migratiiig  tna 
surrounding  districts. 

These  exceptions  may  be  compared  to  the  accelerated  rate  of  flofr 
tuation  in  the  faunii  and  flora  of  a  particular  region,  in  which  the 
climate  and  physical  geography  may  be  undei^oing  an  estraordinuy 
degree  of  alteration. 

But  I  must  remind  the  reader,  that  the  case  above  proposed  has  no 
pretensions  to  be  regarded  as  an  exact  pnrallel  to  the  geological  pttr- 
nomena  which  I  desire  to  illui^trate ;  for  the  commissioners  are  suppowd 
to  vif.it  the  different  provinces  in  rotation ;  whereas  the  commemoration 
processes  by  which  organic  remains  become  fos'iiiaed,  although  &ej 
are  always  shining  from  one  area  to  the  other,  are  yet  very  iri'egulv 
in  their  movements.  They  may  abandon  and  revisit  many  tpuM 
again  and  again,  before  they  once  approach  another  district ;  and, 
besides  this  source  of  irregularity,  it  may  often  happen  that,  whflt 
the  depositing  process  is  suspended,  denudation  muy  take  place,  whiiA 
may  be  compared  to  the  occaitional  destruction  by  fire  or  other  caUM 
of  some  of  the  statistical  documents  before  mentioned.  It  is  evidont 
that,  where  such  accidents  occur,  the  want  of  continuity  in  the  wries  I 
may  become  indefinitely  great,  and  that  the  monuments  which  foUaw  . 
next  in  succession  will  by  no  means  be  equidisiaat  from  each  otba 
in  point  of  time. 

If  this  train  of  reasoning  be  admitted,  the  occasional  distinctneai  of 
the  fossil  remains,  in  formations  immediutdy  in  contact,  would  baa 
necessary  consequence  of  the  existing  laws  of  sedimentary  depodtion 
and  subterranean  movement,  accompanied  by  a  constant  moruiU^ 
and  renovation  of  species. 

Ai  all  the  conclusions  above  insisted  on  arc  directly  opposed  (S 
opinions  still  popular,  I  shall  add  another  comparison,  id  the  hop*  of 
preventing  any  possible  misapprehension  of  the  argument.  SiuW|^ 
we  bod  discovered  two  buried  cities  at  the  foot  of  Vftiniri||M|fl 
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mediatelj  superimposed  upon  each  other,  with  a  great  mass  of  tuff 
and  lava  intervening,  just  as  Portici  and  Resina,  if  now  covered  with 
ashes,  would  overlie  Herculaneum.     An  antiquary  might  possibly  be 
entitled  to  infer,  from  the  inscriptions  on  public  edifices,  that  the  in- 
habitants of  the  inferior  and  older  city  were  Greeks,  and  those  of  the 
modem  towns  Italians.    But  he  would  reason  very  hastily  if  he  also 
eonduded  from  these  data,  that  there  had  been  a  sudden  change  from 
the  Greek  to  the  Italian  language  in  Campania.   But  if  he  afterwards 
found  three  buried  cities,  one  above  the  other,  the  intermediate  one 
being  Roman,  while,  as  in  the  former  example,  the  lowest  was  Greek 
and  the  uppermost  Italian,  he  would  then  perceive  the  fallacy  of  his 
ibnner  opinion,  and  would  begin  to  suspect  that  the  catastrophes,  by 
which  the  cities  were  inhumed,  might  have  no  relation  whatever  to 
tbe  fluctuations  in  the  language  of  the  inhabitants  :  and  that,  as  the 
Boman  tongue  had  evidently  intervened  between  the  Greek  and 
hilian,  so  many  other  dialects  may  have  been  spoken  in  succession, 
and  tbe  passage  from  the  Greek  to  the  Italian  may  have  been  very 
gradaal;  some  terms  growing  obsolete,  while  others  were  introduced 
from  time  to  time. 

If  this  antiquary  could  havd  shown  that  the  volcanic  paroxysms  of 
Vesuvius  were  so  governed  as  that  cities  should  be  buried  one  above 
the  other,  just  as  often  as  any  variation*  occurred  in  the  language  of 
.  the  inhabitants,  then,  indeed,  the  abrupt  passage  from  a  Greek  to  a 
Koman,  and  from  a  Roman  to  an  Italian  city,  would  afford  proof  of 
flQctaations  no  less  sudden  in  the  language  of  the  people. 

So,  in  Geology,  if  we  could  assume  that  it  is  part  of  the  plan  of 
Nature  to  preserve,  in  every  region  of  the  globe,  an  unbroken  series  of 
iDonoments  to  commemorate  the  vicissitudes  of  the  organic  creation, 
ve  might  infer  the  sudden  extirpation  of  species,  and  the  simultaneous 
mtrodnction  of  others,  as  often  as  two  formations  in  contact  are  found 
to  ioclade  dissimilar  organic  fossils.  But  we  must  shut  our  eyes  to 
tbe  whole  economy  of  tbe  existing  causes,  aqueous,  igneous,  and  or- 
ganic, if  we  fail  to  perceive  that  such  is  not  the  plan  of  Nature. 

Concluding  remarks  on  the  identity  of  the  ancient  and  present 
^yttem  of  terrestrial  changes, — I  shall  now  conclude  the  discussion  of 
a  question  with  which  we  have  been  occupied  since  the  beginning  of 
the  fifth  chapter ;  namely,  whether  there  has  been  any  interruption, 
from  the  remotest  periods,  of  one  uniform  system  of  change  in  the 
animate  and  inanimate  world.    We  were  induced  to  enter  into  that 
inquiry  by  reflecting  how  much  the  progress  of  opinion  in  Geology 
had  been  influenced  by  the  assumption  that  the  analogy  was  slight  in 
kind,  and  still  more  slight  in  degree,  between  the  causes  which  pro- 
duced the  former  revolutions  of  the  globe,  and  those  now  in  every- 
day operation.    It  appeared  clear  that  the  earlier  geologists  had  not 
only  a  scanty  acquaintance  with  existing  changes,  but  were  singularly 
nnconscioaa  of  the  amount  of  their  ignorance.    With  the  presumption 
natnnJlj  im    ired  by  this  unconsciousness,  they  had  no  hesitation  in 
deciding  at  •        t       time  could  never  enable  the  existing  powers  of 
\%^tf{  B  of  great  magnitude,  still  less  such  import- 
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ant  revolutions  as  those  which  are  brought  to  light  bj  Geolqg; 
They,  therefore,  felt  themselves  at  liberty  to  indulge  their  imaginatioi 
in  guessing  at  what  might  be^  rather  than  inquiring  what  is  ;  in  oth 
words,  they  employed  themselves  in  conjecturing  what  might  hai 
been  the  course  of  nature  at  a  remote  period,  rather  than  in  the  ii 
yestigation  of  what  was  the  course  of  nature  in  their  own  times. 

It  appeared  to  tliem  more  philosophical  to  speculate  on  the  pon 
bilities  of  the  past,  than  patiently  to  explore  the  realities  of  the  pre 
sent ;  and  having  invented  theories  under  the  influence  of  sod 
maxims,  they  were  consistently  unwilling  to  test  their  validity  by  th 
criterion  of  their  accordance  with  the  ordinary  operations  of  nature 
On  the  contrary,  the  claims  of  each  new  hypothesis  to  credibility  gp 
peared  enhanced  by  tlic  great  contrast,  in  kind  or  intensity,  of  tbi 
causes  referred  to  and  those  now  in  operation. 

Never  was  there  a  dogma  more  calculated  to  foster  indolence,  ud 
to  blunt  the  keen  edge  of  curiosity,  than  this  assumption  of  the  dit- 
cordance  between  th<i  ancient  and  existing  causes  of  change.  It  pi» 
duced  a  state  of  mind  unHivourable  in  the  hisrhest  de(;ree  to  tbl 
candid  reception  of  the  evidence  of  those  minute  but  incessant  alter 
ations  which  every  part  of  the  earth's  surface  is  undergoing,  tai 
by  which  the  condition  of  its  living  inhabitants  is  continually  miA 
to  vary.  The  atn(l<Mit,  instt!:ul  of  Xunw;^  encouraged  with  the  ho|»eol 
interpnrtinir  the  enigmas  presiMitfMl  to  him  in  tinj  earth's  structure,— 
in.st<.'a'l  of  being  pnun[)tod  to  undtTtake  laborious  inquiries  into  tl« 
natural  history  «)f  the  organic  worhl,  and  the  complicated  flfocts  an 
the  ijrncous  ami  acjucous  causes  now  in  operation,  was  taught  t< 
dt'spond  from  the  first.  Oi-oIol'v,  it  was  atlirmed,  could  never  riset 
the  rank  of  an  exact  science,  —  the  greater  number  of  phenoniftt 
must  for  ever  remain  inexplirable,  or  only  b»»  partially  elucidatfil  bj 
ingenious  conjej'tnn  s.  Kven  tin;  niystrry  which  invested  the  subjec 
was  said  to  Cimstitutf  one  of  its  principal  charms,  atfording,  as  it  did 
full  sc<»j)ti  to  the  fancy  to  indulge  in  a  bouniih-ss  field  of  specul:ition. 

Tlu;  course  directly  opposed  to  this  method  of  philosophizing  con 
sists  in  an  «'arnt*st  and  patient  inquiry,  how  far  get)logical  appeaninoe 
are  reconcileable  with  the  »*lVect  of  rhan'jes  now  in  progress,  or  whit 
may  l)»*  in  |)roure-;s  in  regions  ina(M*«'ssihle  to  us,  and  of  which  th 
reality  is  attested  by  volcanos  and  subti'rranean  movements.  It  als 
endt-avours  to  tstimate  the  agL:nL'at«'  roult  of  ordinary  oponiiior 
multiplied  by  time,  and  cherishes  a  saniruitu'  hope  that  the  re«our« 
to  be  derived  from  observation  and  exp«'rirnent,  or  from  the  stmlv  * 
nature  such  as  she  now  is,  an>  vrry  far  Ironi  being  exhaustovl.  F( 
this  reason  all  thecnies  are  rejrctid  whi<*h  involve  the  assumptio 
of  puddi'u  and  vioh.'iit  oatastropln's  and  revolutions  of  the  whol 
earth,  and  its  inhabitants,  —  theories  wliich  are  restrained  bv  no  p 
forence  to  existing  analogies,  and  in  whii'li  a  d«'sire  is  manifested  l 
cut,  ratlnT  than  patiently  to  untie,  the  (lonlian  knot. 

We  have  now,  at  h'ast,  the  advantage  (»f  knowing,  from  experienc 
that  an  opposite  method  has  always  put  geologists  on  the  rtuid  th 
lea-Is  to  truth, — suggesting  views  whicli,  although  imperfect  at  fin 
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have  been  found  capable  of  improvement,  until  at  last  adopted  by 
uniYeraal  consent ;  while  the  method  of  speculating  on  a  former  dis- 
tinct state  of  things  and  causes,  has  led  inyariablj  to  a  multitude  of 
contradictorj  systems,  which  have  been  overthrown  one  after  the 
other, — have  been  found  incapable  of  modification, — and  which  have 
often  required  to  be  precisely  reversed. 

The  remainder  of  this  work  will  be  devoted  to  an  investigation  of 
the  changes  now  going  on  in  the  crust  of  the  earth  and  its  inhabitants. 
The  importance  which  the  student  will  attach  to  such  researches  will 
mainly  depend  in  the  degree  of  confidence  which  he  feels  in  the  prin- 
ciples above  expounded.     If  he  firmly  believes  in  the  resemblance 
or  identity  of  the  ancient  and  present  system  of  terrestrial  changes,  he 
will  regard  every  fact  collected  respecting  the  causes  in  diurnal  action 
•8  affording  him  a  key  to  the  interpretation  of  some  mystery  in  the 
pist     Events  which  have  occurred  at  the  most  distant  periods  in 
the  animate  and  inanimate  world,  will  be  acknowledged  to  throw  light 
Oil  each  other,  and  the  deficiency  of  our  information  respecting  some 
of  the  most  obscure  parts  of  the  present  creation  will  be  removed. 
For  as,  by  studying  the  external  configuration  of  the  existing  land 
tod  its  inhabitants,  we  may  restore  in  imagination  the  appearance  of 
the  ancient  continents  which  have  passed  away,  so  may  we  obtain 
from  the  deposits  of  ancient  seas  and  lakes  an  insight  into  the  nature 
of  the  subaqueous  processes  now  in  operation,  and  of  many  forms  of 
organic  life,  which,  though  now  existing,  are  veiled  from  sight.   Rocks, 
ibo^  produced  by  subterranean  fire  in  former  ages,  at  great  depths  in 
the  bowels  of  the  earth,  present  us,  when  upraised  by  gradual  move- 
ments, and  exposed  to  the  light  of  heaven,  with  an  image  of  those 
changes  which  the  deep-seated  volcano  may  now  occasion  in  the 
nether  regions.   Thus,  although  we  are  mere  sojourners  on  the  surface 
of  the  planet,  chained  to  a  mere  point  in  space,  enduring  but  for  a 
moment  of  time,  the  human  mind  is  not  only  enabled  to  number 
worlds  beyond  the  unassisted  ken  of  mortal  eye,  but  to  trace  the 
events  of  indefinite  ages  before  the  creation  of  our  race,  and  is  not 
even  withheld  from  penetrating  into  the  dark  secrets  of  the  ocean,  or 
the  interior  of  the  solid  globe ;  free,  like  the  spirit  which  the  poet 
described  as  animating  the  universe. 


ire  per  omnes 
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AQUEOUS  CAUSES. 


CHAPTER  XIV. 

Division  of  the  subject  into  changes  of  the  organic  and  inorganic  world — Inorpnk 
causes  of  change  divided  into  aqueous  and  igneous — Aqueous  causes  fintooo- 
sidered — Fall  of  rain — Recent  min-prints  in  mud — Destroying  and  tnms- 
porting  power  of  running  water — Newly  formed  valleys  in  Georgia — Sinooiitiei 
of  rivers  —  Two  streams  when  united  do  not  occupy  a  bed  of  doable  mufiKe— 
Inundations  in  Scotland — Floods  caused  by  landslips  in  the  White  Mountaim— 
Bursting  of  a  lake  in  Switzerland  —  Devastations  caused  by  the  Anio  at  Tifoli 
^Excavations  in  the  lavas  of  Etna  by  Sicilian  rivers — Gorge  of  the  Simefio— 
Gradual  recession  of  the  cataract  of  Niagara. 

Division  of  the  subject. — Geologt  was  defined  to  be  the  scieiice 
which  inyestigates  the  former  changes  that  have  taken  place  in  the 
organic  as  well  as  in  the  inorganic  kingdoms  of  nature.     As  vidssi- 
tades  in  the  inorganic  world  are  most  apparent,  and  as  on  them  tU 
fluctuations  in  the  animate  creation  must  in  a  great  measure  depend, 
they  may  claim  our  first  consideration.     Tlie  great  agents  of  change 
in  the  inorganic  world  may  be  divided  into  two  principal  classes,  the 
aqueous  and  the  igneous.     To  the  aqueous  belong  Rain,  Riverii 
Torrents,  Springs,  Currents,  and  Tid'»s ;  to  the  igneous,  Volcancofl^ 
and  Earthquakes.     Both  these  classes  are  instruments  of  decay  ts 
well  as  of  reproduction  ;  but  they  may  also  be  regarded  as  antagonist 
forces.     For  the  aqueous  agents  are  incessantly  labouring  to  reduce 
the  inequalities  of  the  earth's  surface  to  a  level ;  while  the  igneous 
are  equally  active  in  restoring  the  unevcnness  of  the  external  crust, 
partly  by  heaping  up  new  matter  in  certain  localities,  and  partly  by 
depressing  one  portion,  and  forcing  out  another,  of  the  earth's  en- 
velope. 

It  is  diflicult,  in  a  scientific  arrangement,  to  give  an  accurate  view 
of  the  combined  effects  of  so  many  forces  in  simultaneous  operation ; 
because,  when  we  consider  them  separately,  we  cannot  easily  estimate 
either  the  extent  of  their  efficacy,  or  the  kind  of  results  which  they 
produce.  We  are  in  danger,  therefore,  when  we  attempt  to  examine 
the  influence  exerted  singly  by  each,  of  overlooking  the  modificatioos 
which  they  produce  on  one  another ;  and  these  are  so  oomplicated, 
that  sometimes  the  igneous  and  aqueous  forces  co-operate  to  produee 
a  joint  efl*ect,  to  which  neither  of  them  unaided  bj  the  other  toM 
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give  rise, — as  when  repeated  earthquakes  unite  with  running  water 
to  widen  a  valley ;  or  when  a  thermal  spring  rises  up  from  a  great 
depth,  and  convejs  the  mineral  ingredients  with  which  it  is  impreg- 
nated from  the  interior  of  the  earth  to  the  surface.  Sometimes  the 
organic  combine  with  the  inorganic  causes ;  as  when  a  reef,  composed 
of  shells  and  corals,  protects  one  line  of  coast  from  the  destroying 
power  of  tides  or  currents,  and  turns  them  against  some  other  point ; 
or  when  drift  timber,  floated  into  a  lake,  fills  a  hoUow  to  which  the 
stream  would  not  have  had  sufficient  velocity  to  convey  earthy 
sediment. 

It  is  necessary,  however,  to  divide  our  observations  on  these 
Various  causes,  and  to  classify  them  systematically,  endeavouring  as 
much  as  possible  to  keep  in  view  that  the  effects  in  nature  are  mixed 
uui  not  simple,  as  they  may  appear  in  an  artificial  arrangement 

In  treating,  in  the  first  place,  of  the  aqueous  causes,  we  may  con- 
aider  them  under  two  divisions  ;  first,  those  which  are  connected  with 
tile  circulation  of  water  from  the  land  to  the  sea,  under  which  are 
ioduded  all  the  phenomena  of  rain,  rivers,  glaciers,  and  springs ; 
secondly,  those  which  arise  from  the  movements  of  water  in  lakes, 
leas,  and  the  ocean,  wherein  are  comprised  the  phenomena  of  waves, 
tides,  and  currents.     In  turning  our  attention  to  the  former  division, 
we  find  that  the  effects  of  rivers  may  be  subdivided  into,  first,  those  of 
a  destroying  and  transporting,  and,  secondly,  those  of  a  renovating 
nature ;    in  the  former  are  included  the  erosion  of  rocks  and  the 
transportation  of  matter  to  lower  levels  ;  in  the  renovating  class,  the 
formation  of  deltas  by  the  influx  of  sediment,  and  the  shallowing  of 
seas;    but  these  processes  are  so  intimately  related  to  each  other, 
that  it  will  not  always  be  possible  to  consider  them  under  their  sepa- 
rate heads. 

FcUl  of  rain. — It  is  well  known  that  the  capacity  of  the  atmo- 
^here  to  absorb  aqueous  vapour,  and  hold  it  in  suspension,  increases 
with  every  increment  of  temperature.  This  capacity  is  also  found  to 
augment  in  a  higher  ratio  than  the  augmentation  of  the  heat.  Hence, 
as  was  first  suggested  by  the  geologist,  Dr.  Hutton,  when  two  volumes 
of  air,  of  different  temperatures,  botb  saturated  with  moisture,  mingle 
together,  clouds  and  rain  are  produced,  for  a  mean  degree  of  heat 
having  resulted  from  the  union  of  the  two  moist  airs,  the  excess  of 
▼apour  previously  held  in  suspension  by  the  warmer  of  the  two  is 
given  out,  and  if  it  be  in  ^sufficient  abundance  is  precipitated  in  the 
form  of  rain. 

As  the  temperature  of  the  atmosphere  diminishes  gradually  from  the 
equator  towards  the  pole,  the  evaporation  of  water  and  the  quantity 
of  rain  diminish  also.  According  to  Humboldt's  computation,  the 
average  annual  depth  of  rain  at  the  equator  is  96  inches,  while  in  lat. 
46^  it  is  only  29  inches,  and  in  lat  60°  not  more  than  17  inches. 
Bui  tiiere  are  so  many  disturbing  causes,  that  the  actual  discharge, 
is  aaj  gtren  ality,  may  deviate  very  widely  from  this  rule.  In 
fiir  exi  e,  where  the  average  fall  at  London  is  24^  inches, 
Greenwich  Observatory,  there  is  such  irregu- 
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Intty  in  some  districts,  that  while  at  Whitehaven,  in  Cainber]u4« 
Aora  fell  in  1849, 32  indies,  the  quantity  of  rain  in  Burrowdalt!, 
Ketwiok  (only  15  milea  to  ^e  westward),  waa  no  leaa  than  14S 
tnobw  [*  In  like  nutnner,  in  India,  Co1(Hiel  Sykea  found  bj 
TttioiiB  made  in  1847  and  1848,  ikat  at  places  gitnated  between  17* 
and  18*  nerUi  1st.,  on  a  line  drawn  across  the  Weatern  Ghauts 
Deecan,  th«  fall  of  rain  varied  from  21  lo  219  inohea-l  The  i 
•rerag«  In  BengiU  is  probably  below  SO  inches,  yet  Dr.  G.  Hotter 
wHacaaed  at  Churrapoonjee,  in  the  year  18S0,  a  fkll  of  30  ii  ~ 
24  hoars,  and  in  the  same  place  during  a  residence  of  six 
(from  Jnne  lo  November)  530  inches  I  Tins  occurred  on  the  Mnitk 
face  of  the  Khasia  (or  Garrow)  moDabuns  in  EaAera  Bengal  (let 
map,  Chap.  XVTCL),  where  the  depth  daring  the  wht^  of  ibe 
eame  year  probably  exceeded  600  tDchss.  So  extraordinary  a 
charge  of  witter,  which,  as  we  shall  presently  see,  is  very  local,  nisy 
be  thus  accounted  for.  Warm,  southerly  winds,  blowing 
Bay  of  Bengal,  and  becoming  laden  with  vapour  during  their  pausget 
reach  the  low  level  delta  of  the  Ganges  and  Brahmapootra,  wher«  tin 
ordinary  heat  exceeds  that  of  the  aea,  and  where  evi^>oration  ia  Gaw 
ttanily  going  oo  ttmn  oouDtlesi  marshes  and  the  arms  of  the  gi«t 
rivers.  A  mingling  of  two  masses  of  damp  air  of  different 
tures  probably  causes  the  fall  of  70  or  SO  inches  of  rain,  which  takes 
place  on  the  plains.  The  moneoon  having  crossed  the  delta,  n 
ptnges  on  the  Ebasia  mountains,  which  rise  abruptly  from  the  plait 
to  a  mean  elevation  of  between  4000  and  5000  feet.  Here  the 
not  only  encounters  the  cold  air  of  the  monntains,  but,  what  is  fit 
more  effective  as  a  refrigerating  cause,  the  aerial  c 
flow  upwards,  and  to  ascend  to  a  height  of  several  thoasaad  fM- 
above  the  sea.  Both  the  air  and  the  vapour  contained  in  it,  ~ 
thtis  relieved  of  much  atmospljeric  pressure,  expand  suddenly,  aad 
are  cooled  by  rarefaction.  The  vapour  is  condensed,  and  about 
inches  of  rain  are  thrown  down  annually,  nearly  twenty  tiroes  as 
mnch  as  falls  in  Great  Britain  in  a  year,  and  almost  all  of  it  poared 
down  in  six  months.  The  channel  of  every  turrcnt  and  river  is  swoUm 
at  this  season,  and  much  sandstone  hoHionlaliy  stratified,  and  tthm 
Toeks  are  reduced  to  sand  and  gravel  by  the  flooded  streama,  Sa 
great  is  the  superficial  waste  (or  deHudatitm),  that  what  would  otbar- 
wiae  be  a  rich  and  luxuriantly  wooded  region,  is  oonverted  iato* 
wild  and  barren  moorland. 

AfV:!*  the  current  of  warm  air  has  been  thus  dnuned  of  ft 
large  portion  of  ila  moisture,  it  still  continues  its  northerly  eovn 
to  the  opposite  flank  of  the  Ebaaia  range,  only  20  milca  fiartber  asid^ 
and  here  the  fall  of  rain  is  reduced  to  70  inches  in  the  year.  Hi' 
same  wind  then  blows  northwards  atrois  the  valley  of  the  ~ 
pootra,  and  at  length  arrives  so  dry  and  exhausted  at  the 
Himalaya  (lat.  28  N.),  that  those  mountains,  up  to  the  height  sf^ 
feet,  are  naked  and  sterile,  and  all  their  outer  valley*  arid  ftad  ~ 
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The  aerial  current  still  continuing  its  northerlj  course  and  ascending 
to  a  higher  region,  becomes  further  cooled,  condensation  again  ensues, 
and  Bhootan,  above  5000  feet,  is  densely  clothed  with  vegetation.* 

In  another  part  of  India,  immediately  to  the  westward,  similar 
phenomena  are  repeated.   The  same  warm  and  humid  winds,  copiously 
charged  with  aqueous  vapour  from  the  Bay  of  Bengal,  hold  their 
course  due  north  for  300  miles,  across  the  flat  and  hot  plains  of  the 
Ganges,  till  they  encounter  the  lofty  Sikkim  mountains.    (See  map. 
Chap.  XVIIL)    On  the  southern  flank  of  these  they  discharge  such 
a  deluge  of  rain  that  the  rivers  in  the  rainy  season  rise  twelve  feet 
in  as  many  hours.    Numerous  landslips,  some  of  them  extending 
three  or  four  thousand  feet  along  the  face  of  the  mountains,  com* 
posed  of  granite,  gneiss,  and  slate,  descend  into  the  beds  of  streams, 
tod  dam  them  up  for  a  time,  causing  temporary  lakes,  which  soon 
burst  their  barriers.     "  Day  and  night,"  says  Dr.  Hooker,  '*  we  heard 
the  crashing  of  falling  trees,  and  the  sound  of  boulders  thrown  vio- 
lently against  each  other  in  the  beds  of  torrents.    By  such  wear  and 
tear  rocky  fragments  swept  down  from  the  hills  are  in  part  con- 
verted into  sand  and  flne  mud ;  and  the  turbid  Ganges,  during  its 
umoal  inundation,  derives  more  of  its  sediment  from  this  source  than 
from  the  waste  of  the  flne  clay  of  the  alluvial  plains  below.f 

On  the  verge  of  the  tropics  a  greater  quantity  of  rain  falls  annually 
tUo  at  the  equator.     Yet  parts  even  of  the  tropical  latitudes  are 
entirely  destitute  of  rain :  Peru,  for  example,  which  owes  its  vegeta- 
tion solely  to  rivers  and  nightly  dews.     In  that  country  easterly 
^ds  prevail,  blowing  from  the  Paciflc,  and  these  being  intercepted 
bj  the  Andes,  and  cooled  as  they  rise,  are  made  to  part  with  all  their 
Dwisture  before  reaching  the  low  region  to  the  leeward.     The  desert 
woe  of  North  Africa,  between  lat.  15°  and  30°  N.,  is  another  instance  of 
>runless  region.     Five  or  six  consecutive  years  may  pass  in  Upper 
^igypt.  Nubia,  and  Dongola,  or  in  the  Desert  of  Sahara,  without  rain. 
From  the  facts  above  mentioned  the  reader  will  infer  that  in  the 
Morse  of  successive  geological  periods  there  will  be  great  variations 
ia  the  quantity  of  rain  falling  in  one  and  the  same  region.     At  one 
time  there  may  be  none  whatever  during  the  whole  year ;  at  another 
ft  fall  of  100  or  500  inches  ;  and  these  two  last  averages  may  occur 
on  the  two  opposite  flanks  of  a  mountain-chain,  not  more  than  20 
miles  wide.    While,  therefore,  the  valleys  in  one  district  are  widened 
and  deepened  annually,  they  may  remain  stationary  in  another,  the 
ftoperficial  soil  being  protected  from  waste  by  a  dense  covering  of 
regetation.    This  diversity  depends  on  many  geographical  circum- 
stancea,  but  principally  on  the  height  of  the  land  above  the  sea,  the 
direction  of  the  prevailing  winds,  and  the  relative  position,  at  the  time 
bein^  of  the  plains,  hills,  and  the  ocean,  conditions  all  of  which  are 
liable  in  the  course  of  ages  to  undergo  a  complete  revolution. 

JSeeeni  rain^printt, — When  examining,  in  1842,  the  extensive 
mod-flats  of  Nova  Scotia,  which  are  exposed  at  low  tide  on  the 
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borders  of  the  Bay  of  Fundj,  I  observed  not  only  the  foot-prinfe 

birds  which  had  recentlj  passed  over  the  mud,  but  also  verj  disti 

impressions  of  rain-drops.    A  peculiar  combination  of  circumstAB 

renders  these  mud-flats  admirablj  fitted  to  receive  and  retain  i 

markings  which  may  happen  to  be  made  on  their  surface.     The  m 

ment  with  which  the  waters  are  charged  is  extremely  fine,  being 

rived  from  the  destruction  of  cliffs  of  red  sandstone  and  shale,  and 

the  tides  rise  fiflj  feet  and  upwards,  large  areas  are  laid  dry 

nearly  a  fortnight  between  the  spring  and  neap  tides.     In  this 

terval  the  mud  is  baked  in  summer  by  a  hot  sun,  so  that  it  solidii 

and  becomes  traversed  by  cracks,  caused  by  shrinkage.     Portioni 

the  hardened  mud  between  these  cracks  may  then  be  taken  up  I 

removed  without  injury.     On  examining  the  edges  of  each  slab^ 

observe  numerous  layers,  formed  by  successive  tides,  each  layer  be 

usually  very  thin,  sometimes  only  one-tenth  of  an  inch  thick.    "Wl 

a  shower  of  rain  falls,  the  highest  portion  of  the  mud-covered  ill 

usually  too  hard  to  receive  any  impressions  ;  while  that  recently 

covered  by  the  tide  near  the  water's  edge  is  too  soft.     Between  tl 

areas  a  zone  occurs,  almost  as  smooth  and  even  as  a  looking-glau^ 

which  every  drop  forms  a  cavity  of  circular  or  oval  form,  and,  if 

shower  be  transient,  these  pits  retain  their  shape  permanently,  b< 

dried  by  the  sun,  and  being  then  too  firm  to  be  effaced  by  the  acl 

of  the  succeeding  tide,  which  deposits  upon  them  a  new  laye 

mud.     Hence  we  often  find,  on  splitting  open  a  slab  an  inch  or  n 

thick,  on  the  upper  surface  of  which  the  marks  of  recent  rain  oc 

that  an  inferior  layer,  deposited   during  some  previous  rise  of 

tide,  exhibits  on  its  under  side  perfect  casts  of  rain-prints,  wl 

stand  out  in  relief,  the  moulds  of  the  same  being  seen  on  the  L 

below.     But  in  some  cases,  especially  in  the  more  sandy  layers, 

markings  have  been  somewhat  blunted  by  the  tide,  and  by  sev 

rain-prints  having  been  joined  into  on(5  by  a  repetition  of  drops 

ing  on  the  same  spot ;  in  which  case  the  casts  present  a  very  im 

lar  and  blistered  appearance. 

The  finest  examples  which  I  have  seen  of  these  rain-prints  i 
sent  to  me  by  Dr.  Webster,  from  Kentville,  on  the  borders  of  the  Bi 
]\Iincs,  in  Nova  Scotia.  They  were  made  by  a  heavy  shower,  w 
fell  on  the  21st  of  July,  1849,  when  the  rise  and  fall  of  the  1 
were  at  their  maximum.  The  impressions  (see  fig.  13.)  consist  of 
shaped  or  hemispherical  cavities,  the  average  size  of  which  is  1 
one-eighth  to  one-tenth  of  an  inch  across,  but  the  largest  are : 
half  an  inch  in  diameter,  and  one-tenth  of  an  inch  deep.  The  d 
is  chiefly  below  the  general  surface  or  plane  of  stratification,  bo 
walls  of  the  cavity  consist  partly  of  a  prominent  rim  of  shindy  l 
formed  of  the  matter  which  has  been  forcibly  expelled  from  th< 
All  the  cavities  having  an  oval  form  are  deeper  at  one  end,  n 
they  have  also  a  higher  rim,  and  all  the  deep  ends  have  the  San 
rection,  showing  towards  which  quarter  the  wind  was  blowing, 
or  more  drops  are  sometimes  seen  to  have  interfered  with  each  o 
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■B  wbich  case  It  is  nsuallj  possible  to  determine  whicli  drop  fell  last, 
111  rim  beiDg  Dobroken. 

Od  some  of  tbe  specimens  the  irindiog  tubular  trucks  of  worms  are 
Men,  which  have  been  bored  just  beneath  the  surface  (see  fig.  13.,  left 
^e),  Thej  occasionallj  pass  under  tbe  middle  of  arain-mark,  having 
twn  formed  subsequently.  Sometimes  the  worms  have  dived  beneath 
tilt  surface,  and  then  reappeared.  All  these  appearances,  both  of  rain- 
prints  and  worm-tracks,  are  of  great  geological  interest,  as  their 
ciict  counterparts  are  seen  in  rocks  of  various  ages  even  in  forma- 
tiDiuof  very  high  antiquity."  Small  cavities,  often  corresponding  in 
■ise  to  those  produced  by  rain,  are  also  caused  by  air  bubbles  rising 
up  through  sand  or  mud ;  but  these  differ  in  character  from  rain- 
Jirints,  being  usually  deeper  than  they  are  wide,  and  having  their  ude§ 
steeper.  These,  indeed,  are  occasionally  vertical,  or  overarching,  the 
(^wning  at  the  top  being  narrower  than  tbe  pit  below.  In  their  mode, 
alaoy  of  mutual  interference  they  are  unlike  rain-prints-t 

In  consequence  of  the  effects  of  mountains  in  cooling  currents  of 
noist  air,  and  causing  tbe  condensation  of  aqueous  vapour  in  the 
manner  above  described,  it  follows  that  in  every  country,  as  a  general 
rale,  tbe  more  elevated  regions  become  perpetual  reservoirs  of  water, 
which  descends  and  irrigates  the  lower  valleys  and  plains.  The 
largest  quantity  of  water  is  first  carried  to  the  highest  r^on,  and 
then  made  to  descend  by  steep  declivities  towards  tbe  sea ;  so  that  it 
acquires  superior  velocity,  and  removes  more  soil,  than  it  would 
do  if  the  rain  had  been  distributed  over  the  plains  and  mountaiua 
equally  in  proportion  to  their  relative  areas.  The  water  is  also  made 
by  these  means  to  pass  over  the  greatest  distances  before  it  can  regain 
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It  has  already  been  observed  that  in  higher  latitudes,  where  th 
atmosphere  being  colder  is  capable  of  holding  less  water  in  suspensioi 
a  diminished  fall  of  rain  takes  place.  Thus  at  St.  Petersburg,  th 
amount  is  only  16  inches,  and  at  Uleaborg,  in  the  Gulf  of  Bothni 
(N.  lat.  65^\  only  13  J  inches,  or  less  than  half  the  average  c 
England,  and  even  this  small  quantity  descends  more  slowly  in  th 
temperate  zone,  and  is  spread  more  equally  over  the  year  than  i 
tropical  climates.  But  in  reference  to  geological  changes  frost  in  tb 
colder  latitude  acts  as  a  compensating  power  in  the  disintegration  • 
rocks,  and  the  transportation  of  stones  to  lower  levels. 

Water  when  converted  into  ice  augments  in  bulk  more  than  on 
twentieth  of  its  volume,  and  owing  to  this  property  it  widens  t.' 
minute  crevices  (or  joints)  of  rocks  into  which  it  penetrates.  Ice  a  j 
in  various  ways,  as  will  be  shown  in  the  next  chapter,  gives  buoyara 
to  mud  and  sand,  even  to  huge  blocks  of  stone,  enabling  rivers 
moderate  size  and  velocity  to  carry  them  to  a  great  distance. 

The  mechanical  force  exerted  by  running  w^ter  in  underminin 
cliffs,  and  rounding  off  the  angles  of  hard  rock,  is  mainly  due  to  tb 
intermixture  of  foreign  ingredients.  Sand  and  pebbles  when  hurriei 
along  by  the  violence  of  the  stream,  are  thrown  against  every  obstack 
lying  in  their  way,  and  thus  a  power  of  attrition  is  acquired,  capable 
of  wearing  through  the  hardest  siliceous  stones,  on  which  water  alone 
could  make  no  impression. 

Newly  formed  valleys.  When  travelling  in  Georgia  and  Ahibama* 
in  1846, 1  saw  in  both  those  States  the  commencement  of  hunvlreds  of 
valleys  in  places  where  the  native  forest  had  recently  been  removed 
One  of  these  newly  fonneJ  guUeys  or  ravines  is  represented  in  the 
annexed  woodcut  (fig.  14.),  from  a  drawing  whieh  I  made  on  the  spot 
It  occurs  three  miles  and  a  half  due  west  of  Milledgt^ville,  the  capital  oi 
Georgia,  and  is  situated  on  the  farm  ot*  Pomona,  on  the  direct  road  to 
Macon.* 

Twenty  years  ago,  before  the  land  was  cleared,  it  had  no  existence 
but  when  the  trees  of  the  forest  were  cut  down,  cracks  three  feet  iU^{ 
were  caused  by  the  sun's  heat  in  the  clay  ;  and,  during  the  rains,  s 
sudden  rush  of  water  through  the  principal  crack  deepened  it  at  it 
lower  extremity,  from  whence  the  excavating  power  worked  back 
wards,  till,  in  the  course  of  twenty  years,  a  chasm,  measuring  no  le& 
than  00  feet  in  depth,  300  yards  in  length,  and  varying  in  width  froD 
20  to  180  feet,  was  the  result.  The  high  ruad  has  been  several  time 
turned  to  avoid  this  cavity,  the  enlargenuint  of  which  is  still  pre 
ceeding,  and  the  old  line  of  road  may  be  seen  to  have  held  its  cours 
directly  over  what  is  now  the  widest  part  of  the  ravine.  In  th 
I)erpendicular  >valls  of  this  great  chasm  appear  beds  of  clay  and  sant 
red,  white,  yellow,  and  green,  produced  by  the  decomposition  in  sit 
of  hornblendic  gneiss,  with  layers  and  veins  of  quartz,  which  remai 
entire  to  prove  that  the  whole  mass  was  once  solid  and  crystalline. 

♦  Lycll's  Second  Visit  to  the  United  States,  1846,  vol.  ii.  p.  25. 
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I  inrer,  from  the  rapidity  of  tbe  denudation  which  onij  began  here 
after  the  removal  of  the  native  wood,  that  this  spot,  elevated  about 
600  feet  above  the  aea,  has  been  always  covered  with  a  dense  forest, 
from  tbe  remote  time  when  it  first  emerged  from  the  Gea.  The  ter- 
mination of  the  cavity  on  the  right  hand  in  the  foreground  is  the  bead 
or  upper  end  of  the  ravine,  and  in  almost  every  case,  such  gulleys  are 
lengthened  by  the  streams  cutting  their  nay  backwards.  The  depth 
at  the  upper  end  is  often,  as  in  this  case,  considerable,  and  there  is 
nsnally  at  this  point,  during  floods,  a  small  cascade. 

Sintamfiei  qfrivert. — In  proportion  as  such  valleys  are  widened, 
sinuositiea  are  caused  by  the  deflection  of  the  stream  first  to  one  side 
and  then  to  the  other.  The  unequal  hardness  of  the  materials  through 
which  the  channel  is  eroded  tends  partly  to  give  new  directions  to  the 
lateral  force  of  excavation.  When  by  these,  or  by  accidental  shiflinga 
gf  the  tUavial  matter  in  the  ohannel,  the  current  is  made  to  cross  its 
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gOBCral  line  of  deBcent,  it  eals  out  a  curve  in  the  opposite  b 
the  side  of  tbe  hills  bounding  the  T&lley,  from  which  curve  it  is  turned  H 
back  again  at  an  eqoal  angle,  so  that  it  recrossea  the  line  of  descent,   i| 
and  gradually  hollows  out  another  curve  lower  down  in  the  oppodta  il 
baok,  till  the  whole  udes  of  the  valley,  or  river  bed,  presoit  m  I 
snccesaion  of  salient  and  retiring  angles.    Among  the  causes  of  1 
deviation  from  a  straight  coarse  by  which  torrents  and  riTors  tend  in  1 
mountaiooas  regions  to  widen  the  vaUejs  through  which  thejr  flow,    I 
may  be  mentioned  the  confluence  of  lateral  torrents,  swollen  im^u- 
larly  at  different  seasons  by  partial  storms,  and  discharging  at  different 
times  unequal  qaantities  of  sand,  mud,  and  pebbles,  into  tbe  maia 
channel. 

When  the  tortuous  fl«xures  of  a  river  are  extremely  great,  as  often    I 
happens  in  alluvial  plains,  tbe  aberration  from  the  direct  line  of 
descent  may  be  restored  by  the  river  cutting  through  tbe  istlunua    . 
which   separates  two  neighbouring  curves.     Thus,  in  the  annexed 
diagram,  tbe  extreme  sinuosity  of  the  river  has  caused  it  to  teturu 


for  a  brief  space  in  a  contrary  direction  to  its  main  course,  so  that  ■ 
jwninsula  la  forcnei!,  nnd  the  i,=t1irnii3  (at  (i)  is  consumed  on  butbsida 
hj  currents  Rowing  in  opposite  directions.  In  this  case  an  island  ii 
soon  formed,— on  either  side  of  which  a  portion  of  the  stream  unsl^ 
remains. 

Trantporting  power  of  water, — In  regard  to  the  transportiBg 
power  of  water,  we  may  often  be  surprised  at  tbe  facility  with  wlii<l 
streams  of  a  small  size,  and  descending  a  slight  dechvity,  bear  atoog 
coarse  sand  and  gravel ;  for  we  usually  estimate  the  weight  of  ro^ 
in  air,  and  do  not  reflect  on  their  comparative  buoyancy  whM 
submerged  in  a  denser  fluid.  The  specific  gravity  of  many  rocfa  b 
not  more  than  twice  that  of  water,  and  very  rarely  more  than  thrie^ 
so  that  almost  all  the  fragments  propelled  by  a  stream  have  loM 
a  third,  and  many  of  them  half,  of  what  we  usually  term  thek 
weight. 

It  has  been  proved  by  experiment,  in  contradiction  to  tbe  theoriM 
of  the  earlier  writers  on  hydrostatics,  to  be  a  universal  law,  r^ulatvg 
the  motion  of  running  water,  that  the  velocity  at  the  bottom  of  Ik* 
stream  is  everywhere  less  than  in  any  part  above  it,  and  is  grealMt 
at  the  surface.  Also,  that  the  superficial  particles  in  the  tniddla  tt 
the  stream  move  swifter  than  those  at  the  sides.  This  retardatka 
of  tbe  lowest  and  lateral  currents  is  produced  by  friction  ;  and  wkts 
the  velocity  b  safflciently  great,  the  soil  composing  tbe  sides  ui 
bottom  gives  way.  A  velocity  of  three  inches  per  aeoood  at  tka 
bottom  il  aacertained  to  be  aufficient  to  tear  up  fine  el^, — ris 
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inches  per  second,  fine  sand^ — twelve  inches  per  second,  fine  gravel, 
— and  three  feet  per  second,  stones  of  the  size  of  an  egg** 

When  this  mechanical  power  of  running  water  is  considered,  we 
are  prepared  for  the  transportation  before  alluded  to  of  large  quan- 
tities of  gravel,  sand,  and  mud,  bj  torrents  which  descend  from 
moiintainous  regions.   But  a  question  naturally  arises,  How  the  more 
tranquil  rivers  of  the  valleys  and  plains,  flowing  on  comparatively 
level  ground,  can  remove  the  prodigious  burden  which  is  discharged 
into  them  by  their  numerous  tributaries,  and  by  what  means  they 
are  enabled  to  convey  the  whole  mass  to  the  sea  ?    K  they  had  not 
this  removing  power,  their  channels  would  be  annually  choked  up, 
and  the  valleys  of  the  lower  country,  and  plains  at  the  base  of 
mountain-chains,  would  be  continually  strewed  over  with  fragments 
of  rock  and  sterile  sand.    But  this  evil  is  prevented  by  a  general  law 
regulating  the  conduct  of  running  water,  —  that  two  equal  streams 
do  not,  when  united,  occupy  a  bed  of  double  surface.     Nay,  the 
width  of  the  principal  river,  after  the  junction  of  a  tributary,  some- 
times remains  the  same  as  before,  or  is  even  lessened.     The  cause 
of  this  apparent  paradox  was  long  ago  explained  by  the  Italian  writers 
who  had  studied  the  confluence  of  the  Po  and  its  feeders  in  the  plains 
of  Lombardy. 

The  addition  of  a  smaller  river  augments  the  velocity  of  the  main 
stream,  often  in  the  same  proportion  as  it  does  the  quantity  of  water. 
Thus  the  Venetian  branch  of  the  Po  swallowed  up  the  Ferranese 
branch  and  that  of  Panaro  without  any  enlargement  of  its  own  di- 
i&ensions.  The  cause  of  the  greater  velocity  is,  first,  that  after  the 
nnion  of  two  rivers  the  water,  in  place  of  the  friction  of  four  shores, 
bas  only  that  of  two  to  surmount ;  2dly,  because  the  main  body  of  the 
stream  being  farther  distant  from  the  banks,  flows  on  with  less  inter- 
ruption ;  and  lastly,  because  a  greater  quantity  of  water  moving  more 
swiftly,  digs  deeper  into  the  river's  bed.  By  this  beautiful  adjust- 
ment, the  water  which  drains  the  interior  country  is  made  continually 
to  occupy  less  room  as  it  approaches  the  sea ;  and  thus  the  most 
valuable  part  of  our  continents,  the  rich  deltas  and  great  alluvial 
plains,  are  prevented  from  being  constantly  under  water. 

River  floods  in  Scotland,  1829. — Many  remarkable  illustrations 
of  the  power  of  running  water  in  moving  stones  and  heavy  materials 
were  afforded  by  the  storm  and  floods  which  occurred  on  the  3d  and 
4th  of  August,  1829,  in  Aberdeenshire  and  other  counties  in  Scot- 
land. The  elements  during  this  storm  assumed  all  the  characters 
which  mark  the  tropical  hurricanes ;  the  wind  blowing  in  sudden 
gusts  and  whirlwinds,  the  lightning  and  thunder  being  such  as  is 
rarely  witnessed  in  our  climate,  and  heavy  rain  falling  without  inter- 
mission. The  floods  extended  almost  simultaneously,  and  with  equal 
violence  over  that  part  of  the  north-east  of  Scotland,  which  would 
be  cut  off  by  two  lines  drawn  from  the  head  of  Lochrannoch,  one 
towards  Inverness  and  the  other  to  Stonehaven.     The  united  line  of 

*  Encjc.  Brit,  art  Eivers, 
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dw  dUBwettt  ilT«n  wUch  w«re  ilooJM  ooald  not  be  kit 
fire  to  nx  hmdrid  mikt  in  length }  end  the  whole  of 
were  marked  by  die  deetroetion  of  brldgeei  roed%  eropi^ 
SnrT.  IX  Lender  hee  leeorded  the  deetraeCion  of  thlrtj- 
end  tlie  entife  dditeradon  of  e  greet  number  of  fiurms 
On  the  Neim,  e  fregment  of  Mndetone»  fonrteen  feet 
leet  wide  end  one  foot  thidc,  wee  eerried  ebo?e  200 
ri^er.    Some  new  mTines  were  finrmed  on  the  sides  of 
where  no  streems  had  previooilf  flowed,  end  eneient  ih 
whidi  had  never  been  filled  from  time  immemorial,  gave 
eopioos  flood.* 

The  bridge  orer  the  Dee  at  Ballater  coonsted  of  fli 
haTing  npon  the  whole  a  water.waj  of  260  feet  The 
river,  on  whieh  the  piers  rested,  was  oompoeed  of  rolled^ 
granite  and  gneiss.  The  bridge  was  built  of  granite»  and 
nniiyored  for  twentj  jeers ;  but  the  different  parts  were 
in  soeeession  bj  the  flood,  and  the  whole  mass  ot  mastmrj 
in  the  bed  of  the  riTer.  ^  The  river  Don,^  observes  Mr. 
in  his  aoeonnt  of  the  inundation8»  **  has  upon  mj  own 
a  mats  of  four  or  fiye  hundred  tons  of  stones^  manj  of 
three  hundred  pounds*  weight,  up  an  inclined  plane,  risii 
in  eight  or  ten  yards,  and  left  them  in  a  rectangular  heap,  abs 
feet  deep  on  a  flat  ground :  —  the  heap  ends  abruptly  at  il 
extremity.*f 

The  power  even  of  a  small  rivulet,  when  swollen  bj  rain,  in  n 
heavy  bodies,  was  exemplified  in  August,  1827,  in  the  O 
small  stream  which  flows  at  a  slight  declivity  from  the  easter 
shed  of  the  Cheviot  Hills.  Several  thousand  tons*  weight  o 
and  sand  were  transported  to  the  plain  of  fhe  Till,  and  a  brid 
in  progress  of  building,  was  carried  away,  some  of  the  ars 
of  which,  weighing  from  half  to  three  quarters  of  a  ton  en 
propelled  two  miles  down  the  rivulet.  On  the  same  oocM 
current  tore  away  from  the  abutment  of  a  mill-dam  a  large 
greenstone-porphyry,  weighing  nearly  two  tons,  and  tranq 
to  the  distance  of  a  quarter  of  a  mile.  Instances  are  re 
occurring  repeatedly,  in  which  from  one  to  three  thousand 
gravel  are,  in  like  manner,  removed  by  this  streamlet  to  still 
distances  in  one  day.f 

Floods  caused  by  landslips^  1826.  —  The  power  which 
water  may  exert,  in  the  lapse  of  ages,  in  widening  and  desp 
valley,  does  not  so  much  depend  on  the  volume  and  veloelft 
stream  usually  flowing  in  it,  as  on  the  number  and  maguitodi 
obstructions  which  have,  at  different  periods,  opposed  its  free  ] 
If  a  torrent,  however  small,  be  eflectually  dammed  up,  the  ail 
Talley  above  the  barrier,  and  its  declivity  below,  and  not  dM 

♦  Sir  T.  D.  Landcr*8  Account  of  tlio        f  Quarterly  Jonrn.  of  ScL 
Great  Floodi  in  Morayshire,  Augu^    xiL  New  Seriea,  p.  331. 
1829.  X  Cnllcj,  Fh)ceed.  QeoL  So 
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9118  of  the  torrent,  will  determine  the  violence  of  the  debacle.  The 
08t  universal  sonrce  of  local  deluges  are  landslips,  slides,  or  ava- 
nehes,  as  they  are  sometimes  called,  when  great  masses  of  rock  and 
111,  or  sometimes  ice  and  snow,  are  precipitated  into  the  bed  of  a  river, 
le  boundary  clifis  of  which  have  been  thrown  down  by  the  shock  of 
D  earthquake,  or  undermined  by  springs  or  other  causes.  Volumes 
light  be  filled  with  the  enumeration  of  instances  on  record  of  these 
errific  catastrophes;  I  shall  therefore  select  a  few  examples  of  recent 
«carrence,  the  facts  of  which  are  well  authenticated. 

Two  dry  seasons  in  the  White  Mountains,  in  New  Hampshire 
[United  States),  were  followed  by  heavy  rains  on  the  28th  August, 
1826,  when  from  the  steep  and  lofty  declivities  which  rise  abruptly 
on  both  sides  of  the  river  Saco,  innumerable  rocks  and  stones,  many 
of  sufficient  size  to  fill  a  common  apartment,  were  detached,  and  in 
Aeir  descent  swept  down  before  them,  in  one  promiscuous  and  fright- 
M  ruin,  forests,  shrubs,  and  the  earth  which  sustained  them.  Although 
there  are  numerous  indications  on  the  steep  sides  of  these  hills  of 
farmer  slides  of  the*  same  kind,  yet  no  tradition  had  been  handed  down 
of  tny  similar  catastrophe  within  the  memory  of  man,  and  the  growth 
of  the  forest  on  the  very  spots  now  devastated,  clearly  showed  that 
ftr  i  bng  interval  nothing  similar  had  occurred.  One  of  these  moving 
nnsses  was  afterwards  found  to  have  slid  three  miles,  with  an  average 
hretdth  of  a  quarter  of  a  mile.  The  natural  excavations  commenced 
generally  in  a  trench  a  few  yards  in  depth  and  a  few  rods  in  width, 
iod  descended  the  mountains,  widening  and  deepening  till  they  became 
▼ttt  chasms.  At  the  base  of  these  hollow  ravines  was  seen  a  con- 
fitted  mass  of  ruins,  consisting  of  transported  earth,  gravel,  rocks, 
lad  trees.  Forests  of  spruce-fir  and  hemlock,  a  kind  of  fir  somewhat 
lesembling  our  yew  in  foliage,  were  prostrated  with  as  much  ease  as 
if  they  had  been  fields  of  grain ;  for,  where  they  disputed  the  ground, 
int  torrent  of  mud  and  rock  accumulated  behind,  till  it  gathered 
Hfficient  force  to  burst  the  temporary  barrier. 

The  valleys  of  the  Amonoosuck  and  Saco  presented,  for  many  miles, 
m  uninterrupted  scene  of  desolation ;  all  the  bridges  being  carried 
way,  as  well  as  those  over  their  tributary  streams.  In  some  places, 
he  road  was  excavated  to  the  depth  of  from  fifteen  to  twenty  feet ; 
1  others,  it  was  covered  with  earth,  rocks,  and  trees,  to  as  great  a 
eight  The  water  fiowed  for  many  weeks  after  the  fiood,  as  densely 
htfged  with  earth  as  it  could  be  without  being  changed  into  mud, 
nd  marks  were  seen  in  various  localities  of  its  having  risen  on  either 
ide  of  the  valley  to  more  than  twenty-five  feet  above  its  ordinary 
jTcL  Many  sheep  and  cattle  were  swept  away,  and  the  Willey 
imily,  nine  in  number,  who  in  alarm  had  deserted  their  house,  were 
ettroyed  on  the  banks  of  the  Saco ;  seven  of  their  mangled  bodies 
rerc  afterwards  found  near  the  river,  buried  beneath  drift-wood  and 
KMUtain  ruins.*  Eleven  years  after  the  event,  the  deep  channels 
'€fm  by  the  avalanches  of  mud  and  stone,  and  the  immense  heaps  of 

•  SUHman't  Jonmal,  voL  xv.  No.  2.  p.  216.    Jan.  1829. 

P 


StO         ixoon  nr  thb  yau^st  ov  baqvmb.       H 

booIdeEi  and  Uodct  of  gnudte  in  the  liTer  eiuumd,  atiQ 
Fhifeiegr  Habbtrd,  •  iMotiireK|iie  fealore  in  the  teeneiy.* 

When  I  Tisited  the  coantrjr  in  1845^  eight  jean  irfker 
Hahbezd,  I  fennd  the  mgne  of  deraitation  etill  Terj  ttriking ; 
pertioohurlj  remariced  that  although  the  Bvarbyee  of  the  hare 
xodn  had  been  imoothed  bj  the  passage  over  them  of  so  n 
and  stone^  there  were  no  oontinooos  parallel  and  rectilinear 
norany  of  the  fine  scratches  or  stria  whidi  characterise  pfaefal 
The  absence  of  these  is  nowhere  more  dearlj  exemplified  than 
bare  rocks  over  which  passed  the  great  **  Willej  sttde*  of  1896.' 

Bnt  the  catastro^uSs  in  the  White  Monntahia  are  i 
when  compared  to  those  which  are  occasioned  by  earthquakes^ 
the  boundary  biUs^  for  miles  in  length,  are  thrown  down 
hollow  of  a  Tallej*    I  shall  haTO  opportunities  of  alluding  to 
ticms  of  this  kind,  when  treating  expressly  of  earthquakes^  and 
content  myself  at  present  with  selecting  an  example  of  a  flood 
a  different  cause. 

Hood  m  Ae  valUy  of  Bagne$y  1818.— The  Tftlley  of 
one  of  the  largest  of  the  lateral  embranchments  of  the  main 
the  Rhone,  above  the  Lake  of  Geneva.  Its  upper  portion 
1818,  converted  into  a  lake  by  the  damming  up  of  a  narrow 
avalanches  of  snow  and  ice,  precipitated  from  an  elevated  gl 
into  the  bed  of  the  river  Dranse.  In  the  winter  season,  dail 
continued  frost,  scarcely  any  water  flows  in  the  bed  of  this  river.i 
preserve  an  open  channel,  so  that  the  ice  barrier  remained  sal 
until  the  melting  of  the  snows  in  spring,  when  a  lake  was  foim 
above,  about  half  a  league  in  length,  which  finally  attained  in  m 
parts  a  depth  of  about  two  hundred  feet,  and  a  width  of  sIS 
seven  hundred  feet  To  prevent  or  lessen  the  mischief  apprehsal 
from  the  sudden  bursting  of  the  barrier,  an  artificial  gallery, 
hundred  feet  in  length,  was  cut  through  the  ice,  before  the 
had  risen  to  a  great  height.  When  at  length  they  accumulated  i 
flowed  through  this  tunnel,  they  dissolved  the  ice,  and  thus  dsl| 
ened  their  channel,  until  nearly  half  of  the  whole  contents  of  ll 
lake  were  slowly  drained  off.  But  at  length,  on  the  approach  of  i 
hot  season,  the  central  portion  of  the  remaining  mass  of  ice  gavew 
with  a  tremendous  crash,  and  the  residue  of  the  lake  was  empcial 
half  an  hour.  In  the  course  of  its  descent,  the  waters  encountg 
several  narrow  gorges,  and  at  each  of  these  they  rose  to  a  |H 
height,  and  then  burst  with  new  violence  into  the  next  basin,  awM 
ing  along  rocks,  forests,  houses,  bridges,  and  cultivated  land*  I 
the  greater  part  of  its  course  the  flood  resembled  a  moving  warn 
rock  and  mud,  rather  than  of  water.  Some  fragments  of  grsii 
rocks,  of  enormous  magnitude,  and  which  from  their  rlimoiMJi 
might  be  compared  without  exaggeration  to  houses,  were  torn  otk 
a  more  ancient  alluvion,  and  borne  down  for  a  quarter  of  a  mile*  fi 

*  SUlimao't  Jovmal,  toL  xzxiv.  p.        f  See  Ljell  t  Ssognd  "^rit  to  Aol 
115.  vol  i.  p.  69. 
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oC  the  fragments  moved  was  sixty  paces  in  circumference.*     The 

'▼'elocitj  of  the  water,  in  the  first  part  of  its  course,  was  thirty- three 

feet  per  second,  which  diminished  to  six  feet  before  it  reached  the 

Xake  of  Geneva,  where  it  arrived  in  six.  hours  and  a  half,  the  distance 

bdng  forty-five  miles.t 

This  flood  left  behind  it,  on  the  plains  of  Martigny,  thousands  of 
trees  torn  up  by  the  roots,  together  with  the  ruins  of  buildings.  Some 
of  the  houses  in  that  town  were  filled  with  mud  up  to  the  second 
story.  After  expanding  in  the  plain  of  Martigny,  it  entered  the 
Hhone,  and  did  no  farther  damage ;  but  some  bodies  of  men,  who  had 
been  drowned  above  Martigny,  were  afterwards  found,  at  the  distance  ' 
of  ibout  thirty  miles,  floating  on  the  farther  side  of  the  Lake  of 
Geneva,  near  Vevay. 

The  waters,  on  escaping  from  the  temporary  lake,  intermixed  with 
nnd  and  rock,  swept  along,  for  the  first  four  miles,  at  the  rate  of 
*bove  twenty  miles  an  hour ;  and  M.  Escher,  the  engineer,  calculated 
that  the  flood  furnished  300,000  cubic  feet  of  water  every  second — 
in  efflux  which  is  five  times  greater  than  that  of  the  Rhine  below 
Bwle.  Now,  if  part  of  the  lake  had  not  been  gradually  drained  off*, 
the  flood  would  have  been  nearly  double,  approaching  in  volume  to 
•ome  of  the  largest  rivers  in  Europe.  It  is  evident,  therefore,  that, 
*hen  we  are  speculating  on  the  excavating  force  which  a  river  may 
^▼e  exerted  in  any  particular  valley,  the  most  important  question  is, 
Jiot  the  volume  of  the  existing  stream,  nor  the  present  levels  of  its 
channel,  nor  even  the  nature  of  the  rocks,  but  the  probability  of  a 
^nccession  of  floods  at  some  period  since  the  time  when  the  valley  may 
We  been  first  elevated  above  the  sea. 

For  several  months  after  the  debacle  of  1818,  the  Dranse,  having 

BO  settled  channel,  shifted  its  position  continually  from  one  side  to  the 

other  of  the  valley,  carrying  away  newly-erected  bridges,  undermining 

kmses,  and  continuing  to  be  charged  with  as  large  a  quantity  of 

earthy  matter  as  the  fluid  could  hold  in  suspension.     I  visited  this 

▼alley  four  months  after  the  flood,  and  was  witness  to  the  sweeping 

tway  of  a  bridge,  and  the  undermining  of  part  of  a  house.     The 

greater  part  of  the  ice-barrier  was  then  standing,  presenting  vertical 

elifis  150  feet  high,  like  ravines  in  the  lava-currents  of  Etna  or  Au- 

Tergne,  where  they  are  intersected  by  rivers. 

Inundations,  precisely  similar,  are  recorded  to  have  occurred  at 
former  periods  in  this  district,  and  firom  the  same  cause.  In  1695, 
for  example,  a  lake  burst  and  the  waters,  descending  with  irresistible 
fmry,  destroyed  the  town  of  Martigny,  where  from  sixty  to  eighty 
persons  perished.  In  a  similar  flood,  fifty  years  before,  140  persona 
were  drowned. 

Flood  ai  Twoli^  1826. — I  shall  conclude  with  one  more  example 
derived  from  a  land  of  classic  recollections,  the  ancient  Tibur,  ^d 

*  This  bfeck  was  measored  by  Capt  in  1818,  £4  FhiL  Jonm.,  vol  I  p.  187., 
&  Han,  B.  N.  firom  memoir  of  M.  Sscber. 

f  Immdatioa  of  tht  Tal  de  Bagnes, 
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which,  like  all  the  other  inundations  above  alluded  to,  occurred  will 
the  present  century.  The  younger  Pliny,  it  will  be  remembv 
describes  a  flood  on  the  Anio,  which  destroyed  woods,  rocks^  i 
houses,  with  the  most  sumptuous  villas  and  works  of  arts.*  For  C 
or  five  centuries  consecutively,  this  *' headlong  stream,**  as  Hon 
truly  called  it,  has  often  remained  within  its  bounds,  and  then,  al 
so  long  an  interval  of  rest,  has  at  different  periods  inundated 
banks  again,  and  widened  its  channel  The  last  of  these  catastropi 
happened  15th  Nov.  1826,  after  heavy  rains,  such  as  produced  i 
floods  before  aUuded  to  in  Scotland.  The  waters  appear  also 
have  been  impeded  by  an  artificial  dike,  by  which  they  were  sflj 
rated  into  two  parts,  a  short  distance  above  TivolL  They  bn 
through  this  dike;  and  leaving  the  left  trench  dry,  precipital 
themselves,  with  their  whole  weight,  on  the  right  side.  Here  tt 
undermined,  in  the  course  of  a  few  hours,  a  high  cliff,  and  widfll 
the  river's  channel  about  fifteen  paces.  On  this  height  stood  li 
church  of  St  Lucia,  and  about  thirty-six  houses  of  the  towa 
Tivoli,  which  were  all  carried  away,  presenting  as  they  sank  ii 
the  roaring  flood,  a  terrific  scene  of  destruction  to  the  spectalQ 
on  the  opposite  bank.  As  the  foundations  were  gradually  remon 
each  building,  some  of  them  edifices  of  considerable  height,  was  ft 
traversed  with  numerous  rents,  which  soon  widened  into  laJ] 
fissures,  until  at  length  the  roofs  fell  in  with  a  crash,  and  tb 
the  walls  sunk  into  the  river,  and  were  hurled  down  the  catan 
below.f 

The  destroying  agency  of  the  flood  came  within  two  hundred  yir 
of  the  precipice  on  which  the  beautiful  temple  of  Vesta  stands;  b 
fortunately  this  precious  relic  of  antiquity  was  spared,  while  the  wre 
of  modern  structures  was  hurled  down  the  abyss.  Vesta,  it  will 
remembered,  in  the  heathen  myth()lo;ry,  personified  the  stability  oft 
earth ;  and  when  the  Samian  astronomer,  Aristarchus,  first  taught  tb 
the  earth  revolved  on  its  axis,  and  round  the  sun,  he  was  public 
accused  of  impiety,  "  for  movincj  the  everlastinc^  Vesta  from  her  plao 
Playfair  observed,  that  when  Ilutton  ascribed  instability  to  the  eartl 
surface,  and  represented  the  continents  which  we  inhabit  as  t 
theatre  of  incessant  chanj^e  and  movement,  his  antajronists,  who  i 
garded  them  as  unalterable,  assailed  him  in  a  similar  manner  wi 
accusations  founded  on  religious  prejudices. {  We  might  appeal 
the  excavating  power  of  the  Anio  as  corroborative  of  one  of  the  m 
controverted  parts  of  the  Iluttonian  theory ;  and  if  the  days  of  omc 
had  not  gone  by,  the  geologists  who  now  worship  Vesta  miHit  regi 
the  late  catastrophe  as  portentous.  We  may,  at  least,  recommend  1 
modern  votaries  of  the  goddess  to  lose  no  time  in  making  apilgrimi 
to  her  shrine,  for  the  n<'xt  flood  may  not  respect  the  temple. 

Excavatioji  of  rocks  by  runuhuj  tatter,  —  The  rapiditv  with  wh 
even  the  smallest  streams  hollow  out  deep  channels  in  soft  and  ■ 

•  Lib.  viii.  Ei»ist.  17.  this  nocouut  from  cye-wiuicdMS  of 

t  Whcu  at  Tivoli,  iii  1820,  Ircctivca     iv»nt. 

X  lllitstr.  of  llutt.  Theory,  §  3.  p.  147. 
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Btractible  soiU  is  remarkablj  exemplified  in  volcanic  conntries,  where 
the  sand  and  half-consolidated  tuffs  opposed  but  a  slight  Tesistance  to 
tbe  torrents  which  descend  the  mountain  side.  Aflter  the  heavy  rains 
which  followed  the  eruption  of  Vesuvius  in  1824,  the  water  flowing 
from  the  Atrio  del  Cavalio  cut,  in  three  days,  a  new  chasm  through 
strata  of  tuff  and  ejected  volcanic  matter,  to  the  depth  of  twenty-five 
feet  I  found  the  old  mule-road,  in  1828,  intersected  by  this  new 
nvine. 

The  gradual  erosion  of  deep  chasms  through  some  of  the  hardest 
rocks,  by  the  constant  passage  of  running  water,  charged  with  foreign 
nuuter,  is  another  phenomenon  of  which  striking  examples  may 
be  adduced.  Illustrations  of  this  excavating  power  are  presented 
by  many  valleys  in  central  France  where  the  channels  of  rivers 
bave  been  barred  up  by  solid  currents  of  lava,  through  which  the 
streams  have  re-excavated  a  passage,  to  the  depth  of  from  twenty  to 
seventy  feet  and  upwards,  and  often  of  great  width.  In  these  cases 
there  are  decisive  proofs  that  neither  the  sea,  nor  any  denuding  wave 
or  extraordinary  body  of  water,  has  passed  over  the  spot  since  the 
melted  lava  was  consolidated.  Every  hypothesis  of  the  intervention 
of  sudden  and  violent  agency  is  entirely  excluded,  because  the  cones 
of  loose  scorise,  out  of  which  the  lavas  flowed,  are  oftentimes  at  no 
gfeat  elevation  above  the  rivers,  and  have  remained  undisturbed 
Coring  the  whole  period  which  has  been  sufficient  for  the  hollowing 
out  of  such  enormous  ravines. 

Becent  excavation  by  the  Simeto. — But  I  shall  at  present  confine 
iDTself  to  examples  derived  from  events  which  have  happened  since 
tie  time  of  history. 

At  the  western  base  of  Etna,  a  current  of  lava  (a  a,  ^g,  16.),  de- 
Bceading  from  near  the  summit  of  the  great  volcano,  has  flowed  to  the 
distance  of  five  or  six  miles,  and  then  reached  the  alluvial  plain  of 


Ftf-  16. 


B«c«Dt  excsTation  of  lava  at  the  foot  of  Etna  bj  the  river  SIneto. 


the  Simeto,  the  largest  of  the  Sicilian  rivers,  which  skirts  the  base  of 
Etna,  and  falls  into  the  sea  a  few  miles  south  of  Catania.  The  lava 
entered  the  river  about  three  miles  above  the  town  of  Aderno,  and 
not  only  occupied  its  channel  for  some  distance,  but,  crossing  to  the 
opposite  side  of  the  valley,  accumulated  there  in  a  rocky  mass. 
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Gemmellaro  gives  the  year  1603  as  the  date  of  the  eruption.* 
appearance  of  the  current  clearly  proves^  that  it  is  one  of  the 
modern  of  those  of  Etna ;  for  it  has  not  been  covered  or  crossed 
subsequent  streams  or  ejections,  and  the  olives  which  had 
planted  on  its  surface  were  all  of  small  size,  when  I  examined  tli0 
spot  in  1828,  yet  they  were  older  than  the  natural  wood  on  the  sam^ 
lava.     In  the  course,  therefore,  of  about  two  centuries,  the  Simeto  ha^ 
eroded  a  passage  from  fifty  to  several  hundred  feet  wide,  and  in  some 
parts  from  forty  to  fifty  feet  deep. 

The  portion  of  lava  cut  through  is  in  no  part  porous  or  scoriaceouSf 
but  consists  of  a  compact  homogeneous  mass  of  hard  blue  rock,  some- 
what inferior  in  weight  to  ordinary  basalt,  and  containing  crystals  of 
olivine  and  glassy  felspar.  The  general  declivity  of  this  part  of  the 
bed  of  the  Simeto  is  not  considerable ;  but,  in  consequence  of  the 
unequal  waste  of  the  lava,  two  water-falls  occur  at  Passo  Manzanelli, 
each  about  six  feet  in  height.  Here  the  chasm  (b,  ^g,  16.)  is  aboat 
forty  feet  deep,  and  only  fifty  broad. 

The  sand  and  pebbles  in  the  river-bed  consist  chiefly  of  a  brown 
quartzose  sandstone,  derived  from  the  upper  country ;  but  the  mate* 
rials  of  the  volcanic  rock  itself  must  have  greatly  assisted  the  attrition. 
This  river,  like  the  Caltabiano  on  the  eastern  side  of  Etna,  has  not 
yet  cut  down  to  the  ancient  bed  of  which  it  was  dispossessed,  and  oT" 
which  the  probable  position  is  indicated  in  the  annexed  diagrtok 
(C,  fig.  16.). 

On  entering  the  narrow  ravine  where  the  water  foams  down  the 
two  cataracts,  we  arc  entirely  shut  out  from  all  view  of  the  surround- 
ing country;  and  a  geologist  who  is  accustomed  to  associate  the 
charactoristic  features  of  tlie  landscape  with  the  relative  age  of  cer- 
tain rocks,  can  scarcely  dissuade  himself  from  the  belief  that  he  is 
contemplating  a  scene  in  some  rocky  gorge  of  a  primary  district. 
The  external  forms  of  the  hard  blue  lava,  are  as  massive  as  any  of 
the  most  ancient  trap-rocks  of  Scotland.  The  solid  surface  is  in 
some  parts  smoothed  and  almost  polished  by  attrition,  and  covered  in 
others  with  a  white  lichen,  wliich  imparts  to  it  an  air  of  extreme 
antiquity,  so  as  greatly  to  heighten  tlie  dehision.  But  the  moment 
we  re-ascend  the  cliff  the  spell  is  ])roken  ;  for  we  scarcely  recede  a  few 
paces,  before  the  ravine  and  river  disappear,  and  we  stand  on  the 
black  and  rugged  surfac<j  of  a  vast  current  of  lava,  which  seems 
unbroken,  and  which  we  can  trace  up  nearly  to  the  distant  summit  of 
that  majestic  cone  which  Pindar  called  "  the  pillar  of  heaven,"  and 
which  still  continues  to  send  forth  a  fleecy  wreath  of  vapour,  remind- 
ing us  that  its  fires  are  not  extinct,  and  tliat  it  may  again  give  out  i 
rocky  stream,  wherein  other  iicenes  like  that  now  described  may  pre- 
sent themselves  to  future  observers. 

Falis  of  Niagara, — The  falls  of  Niagara  afford  a  magnificent  ex- 
ample of  the  progressive  excavation  of  a  deep  valley  in  solid  rock. 
That  river  flows  over  a  flat  table  land,  in  a  depression  of  which 

•  Qunilro  I^torico  dell'  Etna,  1824. 
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Lake  Erie  is  situated.     Where  it  issues  from  the  lake,  it  is  nearl^r  i 
mile  in  width,  and  330  feet  above  Lake  Ontario,  which  is  about      30 
miles  distant.     For  the  first  fifteen  miles  below  Lake  Erie  the  »ur^ 
rounding  country,  comprising  Upper  Canada  on  the  west,  and    the 
state  of  New  York  on  the  east,  is  almost  on  a  level  with  its  banks^ 
and  nowhere  more  than  thirty  or  forty  feet  above  them.*  (See  fig.  1 7-) 
The  river  being  occasionally  interspersed  with  low  wooded  islands* 
and  having  sometimes  a  width  of  three  miles,  glides  along  at  fir^t 
with  a  clear,  smooth,  and  tranquil  current,  falling  only  fifteen  feet  in 
as  many  miles,  and  in  this  part  of  its  course  resembling  an  am^ 
of  Lake  Erie.    But  its  character  is  afterwards  entirely  changed,  ot> 
approaching  the  Rapids,  where  it  begins  to  rush  and  foam  over  i^ 
rocky  and  uneven  limestone  bottom,  for  the  space  of  nearly  a  roilP* 
till  at  length  it  is  thrown  down  perpendicularly  165  feet  at  the  Falld-* 
Here  the  river  is  divided  into  two  sheets  of  water  by  an  island,  th^ 
largest  cataract  being  more  than  a  third  of  a  mile  broad,  the  smaller 
one  having  a  breadth  of  six  hundred  feet.     When  the  water  ha^ 
precipitated  itself  into  an  unfathomable  pool,  it  rushes  with  grea^ 
velocity  down  the  sloping  bottom  of  a  narrow  chasm,  for  a  distance  o^" 
seven  miles.     This  ravine  varies  from  200  to  400  yards  in  width  from 
cliff  to  cliff;  contrasting,  therefore,  strongly  in  its  breadth  with  that 
of  the  river  above.     Its  depth  is  from  200  to  300  f«»et,  and  it  inter- 
sects for  about  seven  miles  the  table  land  before  described,  which 
terminates  suddenly  at  Queenstown  in  an  escarpment  or  long  line  of 
inland  cliff  facing  northwards,  towards  Lake  Ontario.     Tlie  Niagara, 
on  reaching  the  escarpment  and  issuing  from  the  gorge,  enters  the 
flat  country,  which  is  so  nearly  on  a  level  with  Lake  (Ontario,  that 
there  is  only  a  fall  of  about  four  feet  in  the  seven  additional  miles 
which  intervene  between  Queenstown  and  the  shores  of  that  lake. 

It  has  lonij  been  the  popular  belief  that  the  Niagara  onc<'  flowed  in 
a  shallow  valley  across  the  whole  platform,  from  the  present  site  of 
the  Falls  to  the  escarpment  (called  the  Queenstown  heights),  where 
it  is  snppost'd  that  the  cataract  was  first  situated,  and  that  the  river 
lias  been  slowly  eatinir  its  way  backwords  through  the  n>oks  fur  the 
distance  of  seven  miles.  This  hypothesis  naturally  suggests  itstlf 
to  every  observer,  who  sees  the  narrowness  of  the  gorge  at  its  ter- 
mination, and  throughout  its  whole  courses  as  far  up  as  the  FalU, 
above  whieh  point  the  river  expands  as  beforc  stated.  The  boundary 
cliffs  of  the  ravine  are  usually  perpendicular,  and  in  many  places 
undermined  on  one  side  by  the  impetuous  stream.     The  upivrmost 


*  'Hie  n-ador  will  find  in  mv  Trnvfls  ninre  fullv  to  these  and   ti>  Mr.  Halls 
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Tock  of  the  table-land  at  the  Falls  consists  of  hard  limestone  (a 
member  of  the  Silurian  series),  about  ninety  feet  thick,  beneath  which 
lie  soft  shales  of  equal  thickness,  continually  undermined  by  the  action 
of  the  spray,  which  rises  from  the  pool  into  which  so  large  a  body  of 
water  is  projected,  and  is  driven  violently  by  gusts  of  wind  against 
the  base  of  the  precipice.    In  consequence  of  this  action,  and  that  of 
frost,  the  shale  disintegrates  and  crumbles  away,  and  portions  of  the 
incumbent  rock  overhang  40  feet,  and  often  when  unsupported  tumble 
down,  80  that  the  Falls  do  not  remain  absolutely  stationary  at  the  same 
<pot,  e^en  for  half  a  century.     Accounts  have  come  down  to  us,  from 
the  earliest  period  of  observation,  of  the  frequent  destruction  of  these 
rocks,  and  the  sudden  descent  of  huge  fragments  in  1818  and  1828, 
^  said  to  have  shaken  the  adjacent  country  like  an  earthquake. 
"Hie  earliest  travellers,  Hennepin  and  Kalm,  who  in  1678  and  1751 
^ted  the  Falls,  and  published  views  of  them,  attest  the  fact,  that 
^he  rocks  have  been  suffering  from  dilapidation  for  more  than  a 
century  and  a  half,  and  that  some  slight  changes,  even  in  the  scenery 
of  the  cataract  have  been  brought  about  within  that  time.     The  idea, 
^refore,  of  perpetual  and  progressive  waste  is  constantly  present 
^  the  mind  of  every  beholder ;  and  as  that  part  of  the  chasm,  which 
^  been  the  work  of  the  last  hundred  and  fifty  years  resembles  pre- 
cisely in  depth,  width,  and  character,  the  rest  of  the  gorge  which 
extends  seven  miles  below,  it  is  most  natural  to  infer,  that  the  entire 
ravine  has  been  hollowed  out  in  the  same  manner,  by  the  recession 
of  the  cataract. 

It  must  at  least  be  conceded,  that  the  river  supplies  an  adequate 
eaose  for  executing  the  whole  task  thus  assigned  to  it,  provided  we 
grant  sufficient  time  for  its  completion.  As  this  part  of  the  country 
was  a  wilderness  till  near  the  end  of  the  last  century,  we  can  obtain 
DO  accurate  data  for  estimating  the  exact  rate  at  which  the  cataract 
has  been  receding.  Mr.  Bakewell,  son  of  the  eminent^  geologist  of 
that  name,  who  visited  the  Niagara  in  1829,  made  the  first  attempt 
to  calculate  from  the  observations  of  one  who  had  lived  forty  years  at 
the  Falls,  and  who  had  been  the  first  settler  there,  that  the  cataract 
had  during  that  period  gone  back  about  a  yard  annually.  But  after 
the  most  careful  inquiries  which  I  was  able  to  make,  during  my  visit 
to  the  spot  in  1841-2, 1  came  to  the  conclusion  that  the  average  of 
one  foot  a  year  would  be  a  much  more  probable  conjecture.  In  that 
caae,  it  would  have  required  thirty-five  thousand  years  for  the  retreat 
of  the  Falls,  from  the  escarpment  of  Queenstown  to  their  present  site. 
It  seems  by  no  means  improbable  that  such  a  result  would  be  no  ex- 
aggeration of  the  truth,  although  we  cannot  assume  that  the  retro- 
grade movement  has  been  uniform.  An  examination  of  the  geological 
stmcture  of  the  district,  as  laid  open  in  the  ravine,  shows  that  at  every 
step  in  the  process  of  excavation,  the  height  of  the  precipice,  the 
hardness  of  the  materials  at  its  base,  and  the  quantity  of  fallen  matter 
to  be  removed,  must  have  varied.  At  some  points  it  may  have  receded 
much  faster  than  at  present,  but  in  general  its  progress  was  probably 
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doww,  baeauae  the  ottar«ct»  wlm  H  b^gan  to  nMti,  mmi  lunre  had 
nmAj  twice  its  preaeiit  height. 

From  obaerrationa  made  bjme  in  1841,  whai  I  bad  the  adTaataga 
ofbefaig  acoompanied  bj  Mr.HaUt  State  gedogiat  of  New  York,  and 
in  1842;  when  I  re-exaodned  tbe  Niagara  distoiet,  I  obtained  gedo» 


gieal  eridenee  of  the  former  eTJatence  of  an  dd  nwet-hedf  wbieh,  I 
have  no  dxmht,  indicates  die  original  channel  through  which  tiM 
waters  once  flowed  from  the  Falls  to  Qoeenstown,  at  the  height  of 
neail7  three  hundred  feet  abore  the  bottom  of  the  present  go^ga 
The  geological  monnments  alluded  to,  consist  of  patdiea  of  sand  and 
graTdy  fntj  feet  thick,  containing  fluTiatile  shelb  of  the  geneni  Unia^ 
Pydas,  Melania,  kc,  such  as  now  inhabit  the  waters  of  the  Xfiagsm 
above  the  Falls.  The  identil|r  of  the  fossU  species  witfi  the  vsesat 
is  nnqaestiimaUfl^  and  these  fi^water  deposits  occur  at  the  edge  of 
the  cUA  bonnding  the  rarine^  so  that  theji^OTe  the  former  exti 
of  an  derated  shallow  yalh^,  fonr  miles  bdow  the  Fsll%  a  dIatfaMt; 
prolongation  of  that  now  occupied  bj  the  Niagara,  in  the  A 
region  intenrening  between  Lake  Erie  and  the  Falls.  Whatgfsri 
theory  be  finuned  for  the  hoUowing  out  of  the  ravine  further  dow^^  j 
or  for  the  three  miles  which  intervene  between  the  whiripocl 
Queenstown,  it  will  always  be  necessary  to  suppose  the  former  ezisl- 
ence  of  a  barrier  of  rock^  not  of  loose  and  destructible  materials,  such 
as  those  composing  the  drift  in  this  district^  somewhere  immediatdj 
below  the  whirlpooL  By  that  barrier  the  waters  were  held  back  for 
ages,  when  the  fluviatile  deposit,  40  feet  in  thickness,  and  250  feel 
above  the  present  channel  of  the  river,  originated.  If  we  are  led  by 
this  evidence  to  admit  that  the  cataract  has  cut  back  its  way  for  four 
miles,  we  can  have  little  hesitation  in  referring  the  excavaUon  of  the 
remaining  three  miles  below  to  a  like  agency,  the  shape  of  the  chasm 
being  precisely  similar. 

There  haye  been  many  speculations  respecting  the  future  recession 
of  the  Falls,  and  the  deluge  that  might  be  occasioned  by  the  anddan 
escape  of  the  waters  of  Lake  Erie,  if  the  ravine  should  ever  be  pnh 
longed  16  miles  backwards.  But  a  more  accurate  knowledge  of  the 
geological  succession  of  the  rocks,  brought  to  light  by  the  Stats 
Survey,  has  satisfied  every  geologist  that  the  Falls  would  ii?Ti**^i 
gradually  in  height  before  they  travelled  back  two  miles,  and  in 
sequence  of  a  gentle  dip  of  the  strata  to  the  south,  the  massive 
stone  now  at  the  top  would  then  be  at  their  base,  and  would  retard^ 
and  perhaps  put  an  effectual  stop  to,  the  excavating  process. 
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CHAPTER  XV. 

TRANSPORTATION  OP   SOLID  HATTER  BY  ICE. 

Carrying  power  of  river-ice  —  Rocks  annnallj  conveyed  into  the  St.  Lawrence  by 
ita  tributaries — Ground-ice;  its  origin  and  transporting  power— Glaciers — 
TTieory  of  their  downward  moTement  —  Smoothed  and  grooved  rocks — The 
moraine  unstratified — Icebergs  covered  with  mud  and  stones — Limits  of  glaciers 
and  icebergs — Their  effects  on  the  bottom  when  they  run  aground. — Packing 
ci  coast-ice — Boulders  drifted  by  ice  on  coast  of  lAbrador— Blocks  moved  by 
ke  in  the  Baltic 

Tbx  power  of  running  water  to  carry  sand,  gravel,  and  fragments  of 
rock  to  considerable  distances  is  greatly  augmented  in  those  regions 
where,  during  some  part  of  the  year,  the  frost  is  of  sufficient  intensity 
to  conyert  the  water,  either  at  the  surface  or  bottom  of  riyers,  into 
ice. 

This  subject  may  be  considered  under  three  different  heads :  — 
first,  the  effect  of  surface-ice  and  ground-ice  in  enabling  streams  to 
remove  gravel  and  stones  to  a  distance ;  secondly,  the  action  of  gla- 
ciers in  the  transport  of  boulders,  and  in  the  polishing  and  scratching 
of  rocks ;  thirdly,  the  floating  off*  of  glaciers  charged  with  solid  matter 
into  the  sea,  and  the  drifting  of  icebergs  and  coast- ice. 

Rivev'tce,  —  Pebbles  and  small  pieces  of  rock  may  be  seen  en- 
tangled in  ice,  and  floating  annually  down  the  Tay  in  Scotland,  as 
far  as  the  mouth  of  that  river.  Similar  observations  might  doubtless 
be  made  respecting  almost  all  the  larger  rivers  of  £ngland  and 
Scotland  ;  but  there  t>eems  reason  to  suspect  that  the  principal  trans- 
fer from  place  to  place  of  pebbles  and  stones  adhering  to  ice  goes  on 
unseen  by  us  under  water.  For  although  the  specific  gravity  of  the 
compound  mass  may  cause  it  to  sink,  it  may  still  be  very  buoyant, 
and  easily  borne  along  by  a  feeble  current  The  ice,  moreover,  melts 
rery  slowly  at  the  bottom  of  running  streams  iir  winter^  as  the  water 
tho^  is  often  nearly  at  the  freezing  point,  as  will  be  seen  from  what 
will  be  said  in  the  sequel  of  ground-ice. 

As  we  traverse  Europe  in  the  latitudes  of  Great  Britain,  we  find 
the  winters  more  severe,  and  the  rivers  more  regularly  frozen  over. 
M.  Lariviere  relates  that,  being  at  Memel  on  the  Baltic  in  18i21, 
when  the  ice  of  the  river  Niemen  broke  up,  he  saw  a  mass  of  ice 
thirty  feet  long  which  had  descended  the  stream,  and  had  been 
thrown  ashore.  In  the  middle  of  it  was  a  triangular  piece  of  granite, 
abont  a  yard  in  diameter,  resembling  in  composition  the  red  granite 
of  Finland.* 

When  rivers  in  the  northern  hemisphere  flow  from  south  to  north, 

*  Consid.  sur  les  Blocs  Errat  IS29. 
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the  ice  first  breaks  up  in  the  higher  part  of  their  course,  and  the 
fiooded  waters,  bearing  along  large  icy  fragments,  often  arrive  at  parts 
of  the  stream  which  are  still  firmlj  frozen  over.     Great  inundations 
are  thus  frequently  occasioned  by  the  obstructions  thrown  in  the 
way  of  the  descending  waters,  as  in   the  case  of  the  Mackenzie 
in   North  America,  and  the  Irtish,  Obi,  Yenesi,  Lena,  and  other 
rivers  of  Siberia.    (See  map,  fig.  1.  p.  79.)    A  partial  stoppage  of  this 
kind  lately  occurred  (Jan.  31.  1840)  in  the  Vistula,  about  a  mile 
and  a  half  above  the  city  of  Dantzic,  where  the  river,  choked  up 
by  packed  ice,  was  made  to  take  a  new  course  over  its  right  bank,  so 
that  it  hollowed  out  in  a  few  days  a  deep  and  broad  channel,  manj 
leagues  in  length  through  a  tract  of  sand-hills  which  were  from  40  to 
60  feet  high. 

In  Canada,  where  the  winter's  cold  is  intense,  in  a  latitude  cor- 
responding to  that  of  central  France,  several  tributaries  of  the  St 
Lawrence  begin  to  thaw  in  their  upper  course,  while  they  remtin 
frozen  over  lower  down,  and  thus  large  slabs  of  ice  are  set  free  and 
thrown  upon  the  unbroken  sheet  of  ice  below.     Then  b^ins  what  ii 
called  the  packing  of  the  drifted  fragments ;  that  is  to  say,  one  slab  is 
made  to  slide  over  another,  until  a  vast  pile  is  built  up,  and  the 
whole  being  frozen  together,  is  urged  onwards  by  the  force  of  the 
dammed  up  waters  and  drift-ice.     Thus  propelled,  it  not  only  forces 
along  boulders,  but  breaks  ofi*  from  clifis^  which  border  the  riven, 
huge  pieces  of  projecting  rock.    By  this  means  several  buttresses  of 
solid  masonry,  which,  up  to  the  year  1836,  supported  a  wooden  bridge 
on  the  St.  Maurice,  which  falls  into  the  St.  Lawrence^  near  the  town 
of  Trois  Rivieres,  lat.  46®  20^,  were  thrown  down,  and  conveyedT)y  the 
ice  into  the  main  river ;  and  instances  have  occurred  at  Montreal  of 
wharfs  and  stone-buildings,  from  30  to  50  feet  square,  having  been 
removed  in  a  similar  manner.     AVc  learn  from  Captain  Bayfield  that 
anchors  laid  down  within  high-water  mark,  to  secure  vessels  hauled 
on  shore  for  the  winter,  must  be  cut  out  of  the  ice  on  the  approach 
of  spring,  or  they  would  be  carried  away.     In  1834,  the  Gulnare'i 
bower-anchor,  weighing  half  a  ton,  was  transported  some  yards  by 
the  ice,  and  so  firmly  was  it  fixed,  that  the  force  of  the  moving  ice 
broke  a  chain-cable  suited  for  a  10-gun  brig,  and  which  had  rode  the 
Gulnare  during  the  heaviest  gales  in  the  gulf.     Had  not  this  anchor 
been  cut  out  of  the  ice,  it  would  have  been  carried  into  deep  water 
and  lost.* 

The  scene  represented  in  the  annexed  plate  (pi.  2.),  from  a  drawing 
by  Lieutenant  Bowen,  II,  N.,  will  enable  the  reader  to  compreheud 
the  incessant  changes  which  the  transport  of  boulders  pn>ducet 
annually  on  the  low  islands,  shores,  and  bed  of  the  St.  Lawrence 
above  Quebec.  The  fundamental  rorks  at  Richelieu  Rapid,  situated 
in  lat.  46°  N.,  are  limestone  and  shite,  which  are  seen  at  low  water 
to  be  covered  with  boulders  of  granite.     Tliese  boulders  owe  their 

♦  Capt.Bavllcia,  Ocol  Sk.\  ProcccilintT,  vol.  ii.  p. 223. 
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Spheroidal  form  chiefly  to  weatheriDg,  or  the  action  of  frost,  which 
clauses  the  surface  to  exfoliate  in  concentric  plates,  so  that  all  the 
XKiore  prominent  angles  are  removed.     At  the  point  a  is  a  cavity  in 
^lie  mud  or  sand  of  the  beach,  now  filled  with  water,  which  was 
occupied  during  the  preceding  winter  (1835)  by  the  huge  erratic  by  a 
Tnass  of  granite,  70  tons'  weight,  found  in  the  spring  following  (1836) 
&t  the  distance  of  several  feet  from  its  former  position.     Many 
small  islands  are  seen  on  the  river,  such  sls  c  d,  which  afford  still 
xnore  striking  proofs  of  the  carrying  and  propelling  power  of  ice. 
Thefle  islets  are  never  under  water,  ^yet  every  winter  ice  is  thrown 
Upon  them  in  such  abundance,  that  it  packs  to  the  height  of  20,  and 
even  30  feet^  bringing  with  it  a  continual  supply  of  large  stones  or 
boulders,  and  carrying  away  others ;  the  greatest  number  being  de- 
posited, according  to  Lieutenant  Bo  wen,  on  the  edge  of  deep  water. 
On  the  island  d,  on  the  left  of  the  accompanying  view,  a  lighthouse 
is  represented,  consisting  of  a  square  wooden  building,  which  having 
no  other  foundation  than  the  boulders,  requires  to  be  taken  down 
every  winter,  and  rebuilt  on  the  re-opening  of  the  river. 

These  effects  of  frost,  which  are  so  striking  on  the  St.  Lawrence 
aboye  Quebec,  are  by  no  means  displayed  on  a  smaller  scale  below 
that  city,  where  the  gulf  rises  and  falls  with  the  tide.  On  the  con- 
trary, it  is  in  the  estuary,  between  the  latitudes  47^  and  49°,  that  the 
greatest  quantity  of  gravel  and  boulders  of  large  dimensions  are 
carried  down  annually  towards  the  sea.  Here  the  frost  is  so  intense, 
that  a  dense  sheet  of  ice  is  formed  at  low  water,  which,  on  the  rise 
of  the  tide,  is  lifted  up,  broken,  and  thrown  in  heaps  on  the  extensive 
shoala  which  border  the  estuary.  When  the  tide  recedes,  this  packed 
ice  is  exposed  to  a  temperature  sometimes  30°  below  zero,  which 
freezes  together  all  the  loose  pieces  of  ice,  as  well  as  the  granitic  and 
other  boulders.  The  whole  of  these  are  often  swept  away  by  a  high 
tide,  or  when  the  river  is  swollen  by  the  melting  of  the  snow  in 
spring.  One  huge  block  of  granite,  15  feet  long  by  10  feet  both  in 
^idth  and  height,  and  estimated  to  contain  1600  cubic  feet,  was  con- 
y%jed  in  this  manner  to  some  distance  in  the  year  1837,  its  previous 
|x>sition  being  well  known,  as  up  to  that  time  it  had  been  used  by 
Captain  Bayfield  as  a  mark  for  the  surveying  station. 

Ground  ice. — When  a  current  of  cold  air  passes  over  the  surface 
of  a  lake  or  stream  it  abstracts  from  it  a  quantity  of  heat,  and  the 
specific  gravity  of  the  water  being  thereby  increased,  the  cooled 
portion  sinks.  This  circulation  may  continue  until  the  whole  body 
of  fluid  has  been  cooled  down  to  the  temperature  of  40°  R,  after 
which,  if  the  cold  increase,  the  vertical  movement  ceases,  the  water 
which  is  uppermost  expands  and  floats  over  the  heavier  fluid  below, 
and  when  it  has  attained  a  temperature  of  32°  Fahr.  it  sets  into  a 
sheet  of  ice.  It  should  seem  therefore  impossible,  according  to  this 
law  of  congelation,  that  ice  should  ever  form  at  the  bottom  of  a  river ; 
and  yet  such  is  the  fact,  and  many  speculations  have  been  hazarded 
to  account  for  so  singular  a  phenomenon.     M.  Arago  is  of  opinion 
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that  the  mechanical  action  of  a  running  stream  produces  a  circulation 
by  which  the  entire  body  of  water  is  mixed  up  together  and  cooled 
alikcy  and  the  whole  being  thus  reduced  to  the  freezing  point,  ioe 
begins  to  form  at  the  bottom  for  two  reasons,  6rst,  because  there  is 
less  motion  there,  and  secondly,  because  the  water  is  in  contact  with 
solid  rock  or  pebbles  which  have  a  cold  surface.*  Whatever  expla- 
nation we  adopt,  there  is  no  doubt  of  the  fact,  that  in  countries  wliere 
the  intensity  and  duration  of  the  cold  is  great,  rivers  and  torrents 
acquire  an  increase  of  carrying  power  by  the  formation  of  what  is 
called  ground-ice.  Even  in  the  Thames  we  learn  from  Dr.  Flott  that 
pieces  of  this  kind  of  ice,  having  gravel  frozen  on  to  their  under 
side,  rise  up  from  the  bottom  in  winter,  and  float  on  the  snr&oe. 
In  the  Siberian  rivers,  Weitz  describes  large  stones  as  having  been 
brought  up  from  the  river*s  bed  in  the  same  manner,  and  made  to 

float.f 

Glaciers.  —  In  the  temperate  zone,  the  snow  lies  for  months  in 
winter  on  the  summit  of  every  high  mountain,  w^hile  in  the  uttie 
regions,  a  long  summers  day  of  half  a  year's  duration  is  insniBdent 
to  melt  the  snow,  even  on  land  just  raised  above  the  level  of  the  Mtt 
It  is  therefore  not  surprising,  since  the  atmosphere  becomes  colder  in 
proportion  as  we  ascend  in  it,  that  there  should  be  heights,  even  in 
tropical  countries,  wliore  tlie  snow  never  melts.  The  lowest  limit 
to  which  the  perpetual  snow  extends  downwards,  from  the  tops  of 
mountains  at  the  etjuator,  is  an  elevation  of  not  h*ss  than  16,000  feet 
above  the  sea ;  while  in  the  Swiss  Alps,  in  lat.  46^  N.  it  reaches  as 
low  as  8,500  feet  above  the  same  level,  the  loftier  peaks  of  the  Alpine 
chain  being  from  12,(M)0  to  lo,00()  fec^t  high.  The  frozen  m;i?s 
augmenting  from  year  to  year  would  add  indefinitely  to  the  allitiiuo 
of  alpine  summits,  were  it  not  relieved  by  its  deseent  through  the 
larger  and  deeper  valleys  to  regions  far  below  the  general  snow-lino. 
To  these  it  slowly  finds  its  way  in  the  form  of  rivers  of  ioe  calkJ 
glaeiers,  the  eonsolidation  of  whieh  is  produced  by  pressure,  and  \ij 
the  congelation  of  water  iniiltered  into  the  porous  mass,  which  1/ 
always  undergoing  partial  licpiefaetion,  and  receiving  in  summer 
occasional  showers  of  rain  on  its  surfaee.  In  a  day  of  hot  sunshine, 
or  mild  rain,  innumerable  rills  of  pure  and  sparkling  water  run  in 
icy  channels  along  the  surface  of  the  glaeiers,  which  in  the  niglit 
shrink,  and  come  to  nothing.  They  are  often  precipitated  in  WJ 
cascades  into  deep  fissun-s  in  the  iee,  and  oimtribute  together  with 
springs  to  form  torrents,  whieh  flow  in  tunnels  at  the  bottom  of  the 
glaciers  for  many  a  league,  and  at  length  issue  at  their  extremitioA 
from  beneath  beautiful  caverns  or  arelies.  The  waters  of  theft' 
streams  are  always  densely  eliarged  with  the  finest  mud,  product^ 
by  the  grinding  of  rock  and  sand  under  the  weight  of  the  moving 
mass.     (iSee  fig.  IS.) 

•  M.  Ani/o,  Annuairo,  4^'('.  is.'^'J;  ami        f  Juiim.    of    Koy.    Gcognij^h.   Soi'. 
lii'v.  J.  Fiiri|uhurson,  TLil  Trans.  Is3r>,     vol.  >i.  |».  416. 
1».  329. 
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le  length  of  the  Swisa  glaciers  ia  sometimea  twenty  miles,  tbdr 
h  in  the  middle  portion  where  tliey  are  broadest,  occasionally 
or  three  miles ;  their  depth  or  thickness  sometimes  more  than 
feet.  When  they  descend  steep  slopes,  and  precipices,  or  are 
id  through  narrow  gorges,  the  ice  is  broken  up,  and  assumes  the 
.  fantastic  and  picturesque  forms,  with  lofty  peaks  and  pinnacles, 
wting  above  the  general  level.  These  snow-white  masses  ore 
I  relieved  by  a,  dark  back-ground  of  pines,  as  in  the  valley  of 
noani ;  and  are  not  only  surrounded  with  abundance  of  the  wild 
odendron  in  full  flower,  but  encroach  still  lower  into  the  region 
nltivation,  and  trespass  on  fields  where  the  tobacco-plant  is 
ishing  by  the  side  of  the  peasant's  hut. 

be  cause  of  glacier  motion  has  of  late  been  a  subject  of  careful 
Btigation  and  much  keen  controversy.  Although  a  question,  of 
ica,  rather  than  of  geology,  it  is  too  interesting  to  allow  me  to 
it  by  without  some  brief  mention.  De  Soassure,  whose  travels  in 
&.!ps  are  full  of  original  observations,  ae  well  as  sound  and  com- 
eosive  general  views,  conceived  that  the  weight  of  the  ice  might 
affident  to  ui^e  it  down  the  slope  of  the  valley,  if  the  sliding 
on  were  aided  by  the  water  flowing  at  the  bottom.  Yor  this 
ivitation  theory"  Charpentier,  followed  by  Agassiz,  substitnted 
>ypotheais  of  dilatation.    The  most  solid  ice  ia  alwoys  permeable 
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to  witer,  and  penelnted  by  inaanierable  fiauires  and  cspill 
often  extramdymiiutte.  Thew  tnbM  inUbe  the  aqoeous  fl 
tlw  Hj,  whiA  fr«Mi^  h  U  tM,  in  tito  eoU  of  tiw  night,  and  ezpS 
wUla  ia  Oa  aei  of  ooagelatioB.  IV  JJitewioB  of  the  wholo  m 
eatttt  u  •'—■**■—  tone,  tendiiig  to  proptl  t^  ghcier  in  the  dine! 
of  Inil  ifiiHaiiiiii — "  in  other  words,  down  the  vllej."  This  tim 
Was  oppoaed  t^  Hr.  Hb^ns  on  mathematical  and  mechanical  grond 
in  Rvml  aUe  p^Mtt.  Among  other  objections,  be  pointed  out  ll 
(ba  frietioii  of  ao  -i  ■—'■■■  a  body  aa  a  glacier  on  its  bed  is  so  gn| 
*  that  the  vertkal  dhaadaa  iMvld  always  be  that  of  least  resisoni 
and  if  a  eoaaJdwaMa  dhtMrfw  of  the  mass  shoold  take  plaM,  t^l 
Mdanofftwria^itvoaldtad  toiaoraaaeitB  thickness,  rather  0 
■awlBBrta  it»  itmwmtKi  progreaa.  Ho  ain  ooBteaded  (and  his  iq 
OHBta  wan  niaatnaad  \^wuij  iageoiotu  e^arimeats)  that  a  glad 
ean  more  aleog  aa  entraBaly  all^  slope,  aoUy  by  tlio  influeiMf 
gt«Titatlon.  owh^  to  the  eoastant  disscdntion  of  ice  in  contact  «| 
the  rocky  bottom,  and  the  number  of  separate  fr^ments  intu  wM 
dm  glamor  is  divided  by  fissures,  so  that  freedom  of  motioa 
Imparted  to  its  several  parts  somewhat  resembling  that  of  an  boy 
feet  fluid.  To  this  view  Professor  James  Forbes  dyeciol,  that  gMi 
taUon  would  not  supply  an  adequate  cause  for  the  sliding  of  mUAI 
down  slopes  having  an  inclination  of  no  more  than  four  or  five  iesttt 
atill  less  would  it  ezptun  how  the  glacier  advances  where  the  d 
expands  and  contracts.  The  Mer  de  Glace  ia  Cfaamouiu,  for  e: 
after  being  2000  yards  wide,  passes  through  a  strait  only  900  j 
in  width.  Such  a  gorge,  it  is  contended,  would  be  choked  up  by  ti 
advance  of  any  solid  mass,  even  if  it  be  broken  up  into  nnmcm 
fragments.  The  same  acute  observer  remarked,  that  water  in  ti 
flasnres  and  pores  of  glaciers  cannot,  and  does  not  part  with  its  laM 
heat,  so  OS  to  freeze  every  night  to  a  great  depth,  or  far  in  the  intori 
of  the  mass.  Had  the  dilatation  theory  been  true,  the  chief  modi 
of  the  glacier  would  have  occurred  nlraut  sunset,  when  the  IreaA 
of  the  water  most  be  greatest,  and  it  had,  in  fact,  been  at  first  aasnai 
by  those  who  favoured  that  hypothesis,  that  the  mass  moved  fast«r< 
the  sides,  where  the  melting  of  ice  was  promoted  by  the  stm's  IM 
reflected  from  boundary  precipices. 

Agassiz  appears  to  have  been  the  first  to  commence,  in  IM 
aided  by  a  skilful  engineer,  M.  Escher  de  la  Linth,  a  nriai' 
exact  measurements  to  ascertain  the  laws  of  glacier  motioi^  ■ 
he  soon  discovered,  contrary  to  his  preconceived  aodona,  that  t 
Stream  of  ice  moved  mora  slowly  at  the  sides  than  at  the  ceoti^  ■ 
faster  in  the  middle  region  of  the  glacier  than  at  its  extra>d^ 
Professor  James  Forbes,  who  had  joined  Mr.  Agasaia  dnriBg  I 
earlier  investigations  in  the  Alps,  undertook  himself  an  iadepmi^ 
series  of  experiments,  which  he  followed  up  with  great  pimiininil 

*  See  Syat^me  Glaciaire,  by  Aganii,  schriJt  ibr   1M1,  this  nsalr  aa  la^ 

Gnjrot,  and  Deaor,  pp.  436,  437-  445.  ceoBal  motion  bcinggreolcr  ttaa  dm 

Hr.  Aganii,  >t  p.  403.,  tuua  that  he  the  ndea,  and  was,  therefbH^  tha  M 

pnbliihed  In  tba  DevtsclN  Time^jBhr-  comet  hit  own  ptariou  aMita.     * 
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rmine  the  laws  of  glacier  motion.     These  he  found  to  agree 
oeely  with  the  laws  governing  the  course  of  rivers,  their  pro- 
eing  greater  in  the  centre  than  at  the  sides,  and  more  rapid  at 
face  than  at  the  bottom.     This  fact  was  verified  by  carefully 
I  great  number  of  marks  in  the  ice,  arranged  in  a  straight  line, 
gradually  assumed  a  beautiful  curve,  the  middle  part  pointing 
he  glacier,  and  showing  a  velocity  there,  double  or  treble  that 
lateral  parts.*     He  ascertained  that  the  rate  of  advance  by 
ras  nearly  the  same  as  by  day,  and  that  even  the  hourly  march 
icy  stream  could  be  detected,  although  the  progress  might  not 
t  to  more  than  six  or  seven  inches  in  twelve  hours.     By  the 
nt  though  invisible  advance  of  the  marks  placed  on  the  ice, 
**  says  Mr.  Forbes,  ^'  was  marked  out  as  by  a  shadow  on  a  dial, 
le  unequivocal  evidence  which  I  obtained,  that  even  whilst 
g  on  a  glacier  we  are,  day  by  day,  and  hour  by  hour,  imper- 
y  carried  on  by  the  resistless  flow  of  the  icy  stream,  filled  me 
dmiration."     (Travels  in  the  Alps,  p.  133.)     In  order  to  ex- 
his  remarkable  regularity  of  motion,  and  its  obedience  to  laws 
^tly  analogous  to  those  of  fluids,  the  same  writer  proposed  the 
that  the  ice,  instead  of  being  solid  and  compact,  is  a  viscous 
ttic  body,  capable  of  yielding  to  great  pressure,  and  the  more 
proportion  as  its  temperature  is  higher,  or  as  it  approaches 
nearly  to  the  melting  point.     He  endeavours  to  show  that  this 
lesis  will  account  for  many  complicated  phenomena,  especially 
ibboned  or  veined  structure  which  is  every  where  observable 
ice,  and  might  be  produced  by  lines  of  discontinuity,  arising 
the  different  rates  at  which  the  various  portions  of  the  semi- 
glacier  advance  and  pass  each  other.*     Many  examples  are 
id  to  prove  that  a  glacier  can  model  itself  to  the  form  of  the 
d  over  which  it  is  forced,  exactly  as  would  happen  if  it  possessed 
lin  ductility,  and  this  power  of  yielding  under  intense  pressure, 
>wn  not  to  be  irreconcileable  with  the  idea  of  the  ice  being 
ently  compact  to  break  into  fragments  when  the  strain  upon 
rts  is  excessive ;  as  where  the  glacier  turns  a  sharp  angle,  or 
ids  upon  a  rapid  or  convex  slope.     The  increased  velocity  in 
er  is  attributed  partly  to  the  greater  plasticity  of  the  ice,  when 
qposed  to  intense  cold,  and  partly  to  the  hydrostatic  pressure  of 
ater  in  the  capillary  tubes,  which  imbibe  more  of  this  liquid  in 
It  season. 

the  assumption  of  the  ice  being  a  rigid  mass,  Mr.  Hopkins 
iited  the  more  rapid  motions  in  the  centre  to  tlie  unequal  rate 
ich  the  broad  stripes  of  ice,  intervening  between  longitudinal 
38,  advance ;  but  besides  that  there  are  parts  of  the  glacier  where 
^  fissures  exist,  such  a  mode  of  progression,  says  Mr.  Forbes, 
',  cause  the  borders  of  large  transverse  rents  or  "  crevasses,"  to 
rged  like  a  saw,  instead  of  being  perfectly  even  and  straight- 
•f    An  experiment  recently  made  by  Mr.  Christie,  secretary 

Fofbes.    8th  Letter  on  Glaciers.        f  See   Mr.  Hopkins  on   Motion  of 
844.  Oladen,  Cambridge  FhiL  Trans.  1844, 
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to  the  Royal  Society,  appears  to  demonstrate  that  ice,  under  grett 
pressure,  possesses  a  suiHcient  degree  of  moulding  and  self-adaptiiy 
power  to  allow  it  to  be  acted  upon,  as  if  it  were  a  pasty  substance.  A 
hollow  shell  of  iron  an  inch  and  a  half  thick,  the  interior  being  ten 
inches  in  diameter,  was  filled  with  water,  in  the  course  of  a  severe 
winter,  and  exposed  to  the  frost,  with  the  fuze-hole  uppermost 
A  portion  of  the  water  expanded  in  freezing,  so  as  to  protmde  a 
cylinder  of  ice  from  the  fuze-hole ;  and  this  cylinder  continued  to 
grow  inch  by  inch  in  proportion  as  the  central  nucleus  of  wttcr 
froze.  As  we  cannot  doubt  that  an  outer  shell  of  ice  is  first  fomed, 
and  then  another  within,  the  continued  rise  of  the  column  throogli 
the  fuze-hole  must  proceed  from  the  squeezing  of  successive  shells  of 
ice  concentrically  formed,  through  the  narrow  orifice ;  and  yet  the 
protruded  cylinder  consisted  of  entire,  and  not  fragmentary  ice.* 

The  agency  of  glaciers  in  producing  permanent  geological  chtn^ 
consists  partly  in  their  power  of  transporting  gravel,  sand,  and  hop 
stones  to  great  distances,  and  partly  in  the  smoothing,  polishing^  ui 
scoring  of  their  rocky  channels,  and  the  boundary  walls  of  the  vaUeji 
tiirough  which  they  pass.  At  the  foot  of  every  steep  cliff  or  precipicfl 
in  high  Alpine  regions,  a  talus  is  seen  of  rocky  fragments  detached  by 
the  alternate  action  of  frost  and  thaw.  If  these  loose  masses,  insteid 
of  accumulating  on  a  stationary  base,  happen  to  fall  upon  a  glacier, 
they  will  move  along  with  it,  and,  in  place  of  a  single  heap  they  wiS 
form  in  the  course  of  years  a  long  stream  of  blocks.  If  a  glacier  be 
20  miles  long,  and  its  annual  progression  about  500  feet,  it  will  require 
about  two  centuries  for  a  block  thus  lod;r<'d  upon  its  surtace  to  travel 
down  from  the  hiijlior  to  the  lower  regions,  or  to  the  extremity  of 
the  icy  mass.  This  terminal  point  n^niains  usually  unchanged  from 
y<'ar  to  year,  although  every  part  of  the  ice  is  in  motion,  because  the 
liciuefaction  by  heat  is  just  suifieient  to  balance  the  onward  moTe- 
nient  of  the  glacier,  which  may  b(»  compared  to  an  endless  file  of 
soldiers,  pouring  into  a  hreacli,  and  shot  down  as  fast  as  they  advance. 

Tlic  stones  carried  along  on  the  ice  arc  called  in  Switzerland  the 
"moraines'*  of  the  jrlacier.  There  is  always  one  line  of  blocks  on 
each  side  or  edge  of  the  icy  stream,  and  often  several  in  the  middle, 
where  they  an;  arranged  in  lonir  ridges  on  mounds,  often  several yardi 
high.  (See  fig.  18.  p.  32,'J.)  The  cause  of  these  "medial  moraines* 
was  first  explained  by  Agassiz,  who  referred  them  to  the  confluence 
uf  tributary  glaeiers.f  Upon  the  union  of  two  streams  of  ice,  the 
right  lateral  moraine  of  one  of  the  streams  comes  in  contact  with 
the  left  lateral  moraine  of  the  other,  and  they  afterwards  move  on 
together,  in  the  centre,  if  the  continent  glaciers  are  equal  in  size, 
or  nearer  to  one  side  if  uneciual. 

and  Phil.  M;i;r.  184 :>.     S»:mi' nf  thi' Into         *  This  ('\i»i.'rimont    is   cilotl   bv  5Ir. 

(•ini{'f»i< ms  (»t'thi>  MUtli'tr  a^  t:>  a  ci'iiain  r.-rl>c>.  IMiil.  Trans.  184fi,  jk  206!:  an*! 

j>la»itirity  in  the  mass,  a  j  "par  to  mv  to  I    haw  ((.nvrrM-d  >^ith  Mr.  Christie  o'l 

make  the  (lirlcn-iu-c  lK.';\Vi-rn  him   avA  the  ».uhi*'i*t. 

rrofessi>r Foi-Ik's little  mure  tliainm.'n|.l,'-         f  KnuUs  sur  les  Glaciers;  1S40. 

Urce.     (For  the  latest  Miinmary  ot'  Vn^t'. 

Forbes*  views,  see  l*hil.  Trans.  1 8  j li.  i  .t  •-> . ) 
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All  sand  and  fragments  of  soft  stone  which  fall  through  fissures 
tnd  reach  the  bottom  of  the  glaciers,  or  which  are  interposed  between 
the  glacier  and  the  steep  sides  of  the  valley,  are  pushed  along,  and 
ground  down  into  mud,  while  the  larger  and  harder  fragments  have 
their  angles  worn  off.  At  the  same  time  the  fundamental  and 
boondary  rocks  are  smoothed  and  polished,  and  often  scored  with 
parallel  furrows,  or  with  lines  and  scratches  produced  bj  hard 
minerals,  such  as  crystals  of  quartz,  which  act  like  the  diamond  upon 
glan.*  This  effect  is  perfectly  different  from  that  caused  by  the 
action  of  water,  or  a  muddy  torrent  forcing  along  heavy  fragments ; 
for  when  stones  are  fixed  firmly  in  the  ice,  and  pushed  along  by  it 
under  great  pressure,  in  straight  lines,  they  scoop  out  long  rectilinear 
AuTows  or  grooves  parallel  to  each  other.f  The  discovery  of  such 
markings  at  various  heights  far  above  the  surface  of  the  existing 
Radars  and  for  miles  beyond  their  present  terminations,  affords 
geological  evidence  of  the  former  extension  of  the  ice  beyond  its 
present  limits  in  Switzerland  and  other  countries. 

The  moraine  of  the  glacier,  observes  Charpentier,  is  entirely 
devoid  of  stratification,  for  there  has  been  no  sorting  of  the  materials, 
is  in  the  case  of  sand,  mud,  and  pebbles,  when  deposited  by  running 
Viter.  The  ice  transports  indifferently,  and  to  the  same  spots,  the 
beayiest  blocks  and  the  finest  particles,  mingling  all  together,  and 
leaving  them  in  one  confused  and  promiscuous  heap  wherever  it 
melts.^ 

Icebergs, — In  countries  situate  in  high  northern  latitudes,  like 
Spitsbergen,  between  70''  and  80°  N.,  glaciers,  loaded  with  mud  and 
rock,  descend  to  the  sea,  and  there  huge  fragments  of  them  fioat  off* 
and  become  icebergs.  Scoresby  counted  500  of  these  bergs  drifting 
along  in  latitudes  69°  and  70°  N.,  which  rose  above  the  surface  from 
the  height  of  100  to  200  feet,  and  measured  from  a  few  yards  to  a 
mile  in  circumference. §  Many  of  them  were  loaded  with  beds  of 
earth  and  rock  of  such  thickness,  that  the  weight  was  conjectured  to 
be  from  60,000  to  100,000.  tons.  Specimens  of  the  rocks  were 
<^>tained,  and  among  them  were  granite,  gneiss,  mica-schist,  claj- 
aXate,  granular  felspar,  and  greenstone.  Such  bergs  must  be  of  great 
aiagnitude ;  because  the  mass  of  ice  below  the  level  of  the  water  is 
aboQt  eight  times  greater  than  that  above.  Wherever  they  are  dis- 
achred,  it  is  evident  that  the  *'  moraine"  will  fall  to  the  bottom  of 
the  sea.  In  this  manner  may  submarine  valleys,  mountains,  and 
platforms  become  strewed  over  with  gravel,  sand,  mud,  and  scattered 
blocks  of  foreign  rock,  of  a  nature  perfectly  dissimilar  from  all  in  the 
Ticinity,  and  which  may  have  been  transported  across  unfathom- 
able abysses.  If  the  bergs  happen  to  melt  in  still  water,  so  that  the 
earthy  and  stony  materials  may  fall  tranquilly  to  the  bottom,  the  de- 
posit will  probably  be  unstratified,  like  the  terminal  moraine  of  a 

•  See  Mannid  of  Geol.  ch.  xi.  viil ;  see  also  Papers  by  MM.  VeneU 

f  Agaflsix,  Jam.  Ed.  New  PhD.  Joam.    and  Aga^z. 
Ka  54.  p.  388.  §  Voyage  in  1822,  p.  233. 

t  Qutfpentior,  Ann,  des  Mines,  torn. 
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glotder;  but  whenerer  the  materials  Kreund^r  the  influenoeoracnTT^ 
of  vater  ai  they  fall,  the;  will  be  sorted  and  ammgcd  accordini;  I 
their  relntire  weight  and  size,  and  therefore  more  or  less  perfeo^ 
atntified. 

In  k  fomier  chapter  it  was  stated  that  some  ice  islands  have  be« 
known  to  drift  from  Baffin's  Bay  to  the  Aiores,  and  from  the  SoVA 
Pole  to  the  immediate  neighbourhood  of  the  Cape  of  Good  Hope,  a 
that  the  area  over  which  the  effects  of  moving  ice  may  be  experienect 
oomprehendfl  a  lai^e  portion  of  the  globe. 

We  learn  from  Von  Bueh  that  the  most  southern  point  □□  the  MM 
tinent  of  Eorope  at  which  a  glacier  comes  down  to  the  sea  i*  b 
Korwaj,  in  lat.  67°  N.*  But  Mr.  I>arwin  has  shown,  that  ^ 
extend  to  the  aea,  in  South  America,  in  latitudes  more  than  Iff 
nearer  the  equator  than  in  Europe;  as,  for  example,  in  Chili,  whtfl 
in  the  Gnlf  of  Fenas,  lat.  46°  40'  8.,  or  the  Istitade  of  central  FranW 
xnd  in  Sir  George  Eyre's  Sound,  in  the  latitude  of  Paris,  they  jifl 
origin  to  iceberg?,  which  were  seen  in  1834  carrying  angular  picW 
of  granite,  and  stranding  them  in  fiords,  where  the  shores  were  torn 
posed  of  clay-fllate-t  A  large  proportion,  however,  of  the  ice-islml 
seen  lloaUng  both  in  the  nortbem  and  sontiiem  hemispheresi  dl 
probably  not  generated  by  glaciers,  but  rather  by  the  accumuUtiti 
of  coast  ice.  When  the  sea  freezes  at  the  base  of  a  lofty  predjuM 
theabeetof  ice  is  prevented  from  adiiering  to  the  land  bytheik 
and  fall  of  the  tide.  NeTerlheleas,  it  often  continuea  on  tlio  shore  I 
the  foot  of  tbe  cliff,  and  receires  accessions  of  drift  enow  btowii  Afl 
the  land.  Uoder  tbe  wdght  of  this  snow  the  ice  sinks  slowly  if  tl 
mter  be  deeii^  and  the  snow  is  gradually  converted  into  ice  by  paril 
liquefaction  and  re'Congelation.  In  this  manner,  islands  of  lea  i 
great  thickness  and  many  leagaes  in  length,  originate,  and  are  aMI 
tually  blown  out  to  sea  by  off-shore  winds.  In  their  intericr  a 
enclosed  many  fragments  of  stone  which  had  fallen  upon  them  ft* 
overhanging  cliffs  during  their  formation.  Such  floating  icdiergs  ■ 
commonly  flat-topped,  but  their  lower  portions  are  liable  to  bmIII 
latitudes  where  the  ocean  at  a  moderate  depth  is  osually  vramwr  Ai 
tbe  surfaee  water  and  the  (ur.  Hence  their  centre  of  gravity  ^ia| 
eontinually,  and  they  turn  over  and  assume  very  irregular  shapefc 

In  a  voy^e  of  discovery  made  in  the  antarctic  regioas  in  IM 
«  dark-coloured  angular  mass  of  rock  was  seen  imbedded  in  aaii 
bet^,  drifting  along  in  mid  ocean  in  lat.61°  S.  That  port  of  4 
rock  whicb  was  visible  was  shout  12  feet  in  height,  and  frtm  S  li 
in  width,  but  the  dark  colour  of  the  surrounding  ice  indieated  A 
mnch  more  of  the  stone  was  concealed.  A  sketch  made  bj  Ur.  Ife 
nab,  when  the  vessel  was  within  a  quarter  of  a  mile  of  i^  ia  M 
published.}  "DiiB  iceberg,  one  of  many  observed  at  sea  ob  1I 
same  day,  was  between  250  and  300  feet  high,  and  was  no  len  iti 
1400  miles  from  any  certainly  known  land.  It  is  exceeding  k 
probable,  says  Mr.  Darwin,  in  bis  notice  of  this  phelunMnol^  A 
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toy  land  will  hereafter  be  discovered  within  100  miles  of  the  spot, 
and  it  most  be  remembered  that  the  erratic  was  still  firmlj  fixed  in 
iee,  and  may  have  sailed  for  many  a  league  farther  before  it  dropped 
to  the  bottom.* 

Captain  Sir  James  Ross,  in  his  antarctic  voyage,  in  1841-2  and  d» 
law  multitudes  of  icebergs  transporting  stones  and  rocks  of  various 
sizes,  with  frozen  mud,  in  high  southern  latitudes.  His  companion. 
Dr.  J.  Hooker,  informs  me  that  he  came  to  the  conclusion,  that  most 
•f  the  southern  icebergs  have  stones  in  them,  although  they  are 
Qsoally  concealed  from  view  by  the  quantity  of  snow  which  falls 
upon  them. 

In  the  account  given  by  Messrs.  Dease  and  Simpson,  of  their 
recent  arctic  discoveries,  we  learn  that  in  lat.  71^  N.,  long.  156°  W., 
they  found  "a  long  low  spit,  named  Point  Barrow,  composed  of 
gravel  and  coarse  sand,  in  some  parts  more  than  a  quarter  of  a  mile 
kroad,  which  the  pressure  of  the  ice  had  forced  up  into  numerous 
Qoonds,  that,  viewed  from  a  distance,  assumed  the  appearance  of 
Itnge  boulder  rocks."  f 

This  fact  is  important,  as  showing  how  masses  of  drift  ice,  when 
stranding  on  submarine  banks,  may  exert  a  lateral  pressure  capable 
of  bending  and  dislocating  any  yielding  strata  of  gravel,  sand  or 
Bmd.   The  banks  on  which  icebergs  occasionally  run  aground  between 
Baffin's  Bay  and  Newfoundland,  are  many  hundred  feet  under  water, 
ind  the  force  with  which  they  are  struck  will  depend  not  so  much 
$a  the  velocity  as  the  momentum  of  the  floating  ice-islands.     The 
lame  berg  is  often  carried  away  by  a  change  of  wind,  and  then 
driven  back  again  upon  the  same  bank,  or  it  is  made  to  rise  and  fall 
by  the  waves  of  the  ocean,  so  that  it  may  alternately  strike  the  bottom 
with  its  whole  weight,  and  then  be  lifted  up  again,  until  it  has 
deranged  the  superficial  beds  over  a  wide  area.     In  this  manner  the 
geologist  may  account,  perhaps,  for  the  circumstance  that  in  Scandi- 
navia, Scotland,  and  other  countries  where  erratics  are  met  with,  the 
beds  of  sand,  loam,  and  gravel  are  often  vertical,  bent,  and  contorted 
into  the  most  complicated  folds,  while  the  underlying  strata,  although 
eomposed  of  equally  pliant  materials,  are  horizontal.    But  some  of 
these  curvatures  of  loose  strata  may  also  have  been  due  to  repeated 
alternations  of  layers  of  gravel  and  sand,  ice  and  snow,  the  melting 
of  the  latter  having  caused  the  intercalated  beds  of  indestructible 
matter  to  assume  their  present  anomalous  position. 

There  can  be  little  doubt  that  icebergs  must  often  break  off  the 
peaks  and  projecting  points  of  submarine  mountains,  and  must  grate 
upon  and  polish  their  surface,  furrowing  or  scratching  them  in  pre- 
cisely the  same  way  as  we  have  seen  that  glaciers  act  on  the  solid 
rocks  over  which  they  are  propelled.^ 

*  Joam.    of  Boy.    Geograph.    Soc  U.  S.,  vol  L  ch.  2.,  also  in  my  Biannal 

ToL  ix.  p.  529.  of  Geolo^,  a  more  full  account  of  the 

t  Ibid.  ToL  Tiii.  p.  221.  action  of  floating  ice  and  coast-ice,  and 

i  In    my  Trayels   in    N.  America,  its  bearing  on  geology,  ¥rill  be  found. 
19j  23,  &C.,  and  Second  Visit  to  the 
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Dt  eoadadsi  H  iqipem  tliit  large  stoiMi^  n«d,  mi  _ 
allied  down  br  Iba  iM  of  riven,  «ata«ri«,  and  glM{«nh  iato  ti 
where  the  tUee  and  ounents  of  the  ocean,  aided  hy  Am  wia^ 
them  to  drift  for  hondieda  of  milea  ftom  the  place  of  iSatr  9 
Altbongfa  it  will  bdobg  more  properij  to  the.  aercnth  «ad  a 
oh^rten,  to  treat  of  tin  trauportatlon  of  aoUd  matter  b^tlwi 
menta  tf  the  oeean,  I  ihall  add  hwe  what  I  btTe  tether  to  ■ 
tfaia  ralgect  in  eonneetion  with  iee. 

The  mline  matter  which  aea-water  boldi  in  adatio^  pwM 
oongdation  except  where  the  moat  intenae  cold  prevaila.  ~ 
driftiDg  of  the  mow  from  the  land  often  renden  the  eiiif 
biaekiAh  near  the  coaa^  ao  that  a  abeet  ctf  ioe  ia  readiljr  focimdj 
and  hj  thia  meana  a  Urge  qoandtj  of  gravel  ie  DraqiieBtlT'  eeM 
from  plaoe  to  plac«^  and  heary  bonldera  alao^  when  tiie  ooaall 
packed  into  denie  maaeea.  Both  the  large  and  amall  atoiM^  Aw 
vejed,  nwall]'  travel  in  one  direction  like  •hingle-beacbe^  nl 
wii  obeerred  to  take  pleoe  on  the  eoaat  of  Labntdor  and  OnV  al 
Lawrence,  between'  the  Utitndei  60°  and  60°  N^  bf  CqitBq 
dnring  his  late  anrvef .  The  lioe  of  coast  aDnded  to,  ia 
for  a  distance  of  700  miles  with  ieebone  boulders,  often  6 
diameter,  which  are  for  the  most  part  on  tlieir  waj  from  ni 
sontli,  or  in  the  direction  of  the  prevailing  carrent,  Some  pnalii 
this  coost  have  been  observed  to  be  occasionally  deaerted,  and  tk 
agnia  at  another  season  thicklj  bestrewed  with  erratics. 

The  accompaDTiDg  draning  (fig.  19.),  for  which  I  am  indebtrfl 


BooUtn,  cUcSt  of  rultt,  Hrudtd ' 


Lieut  Bowen,  R.  N.,  represents  the  ordinary  appearance  <tf  Ae  LtlR 
dor  coast,  between  the  latitudes  of  50°  and  60°  N.  ConntlMa  UhA 
chiefly  granitic,  and  of  various  sizes,  arc  seen  lying  between  Ugktf 
low-water  mark.     CspL  Bayfield  saw  similar  tninaoi  CHlM  1ft 
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through  the  Straits  of  Belle  Isle,  between  Newfoundland  and  the 
American  continent,  which  he  conceives  may  have  travelled  in  the 
coone  of  years  from  Baffin's  Bay,  a  distance  which  may  be  compared 
in  our  hemisphere  to  the  drifting  of  erratics  from  Lapland  and  Ice- 
liad  as  far  south  as  Germany,  France,  and  England. 

It  may  be  asked,  in  what  manner  have  these  bloqks  been  orginally 
detached  ?  We  may  answer  that  some  have  fallen  from  precipitous 
cliffi^  others  have  been  lifted  up  from  the  bottom  of  the  sea,  adhering 
bj  their  tops  to  the  ice,  while  others  have  been  brought  down  by 
riTers  and  glaciers. 

The  erratics  of  North  America  are  sometimes  angular,  but  most 
of  them  have  been  rounded  either  by  friction  or  decomposition.  The 
Snmite  of  Canada,  as  before  remarked  (p.  221.),  has  a  tendency  to 
eoDoentric  exfoliation,  and  scales  off  in  spheroidal  coats  when  exposed 
to  the  spray  of  the  sea  during  severe  frosts.  The  range  of  the  ther- 
Bometer  in  that  country  usually  exceeds,  in  the  course  of  the  year, 
100°,  and  sometimes  120°  F. ;  and,  to  prevent  the  granite  used  in  the 
Mldings  of  Quebec  from  peeling  off  in  winter,  it  is  necessary  to  oil 
ttd  paint  the  squared  stones. 

Jn  parts  of  the  Baltic,  such  as  the  Gulf  of  Bothnia,  where  the 
quantity  of  salt  in  the  water  amounts  in  general  to  one  fourth  only  of 
tein  the  ocean,  the  entire  surface  freezes  over  in  winter  to  the  depth 
of6or6feet.     Stones  are  thus  frozen  in,  and  afterwards  lifted  up 
*bout  3  feet  perpendicularly  on  the  melting  of  the  snow  in  summer, 
•Dd  then  carried  by  £oating  ice-islands  to  great  distances.    Professor 
Von  Baer  states,  in  a  communication  on  this  subject  to  the  Academy 
^  St.  Petersburg,  that  a  block  of  granite,  weighing  a  million  of 
Poonds,  was  carried  by  ice  during  the  winter  of  1837-8  from  Finland 
*o  the  island  of  Hockland,  and  two  other  huge  blocks  were  trans- 
ported about  the  years  1806  and  1814  by  packed  ice  on  the  south  coast 
^  Finland,  according  to  the  testimony  of  the  pilots  and  inhabitants, 
^e  block  having  travelled  about  a  quarter  of  a  mile,  and  lying  about 
*8  feet  above  the  level  of  the  sea.* 

More  recently  Dr.  Forchhammer  has  shown  that  in  the  Sound,  the 
"Veat  Belt,  and  other  places  near  the  entrance  of  the  Baltic,  ground- 
Qe  forms  plentifully  at  the  bottom,  and  then  rises  to  the  surface, 
•liarged  with  sand,  gravel,  stones,  and  sea-weed.  Sheets  of  ice,  also, 
rith  included  boulders,  are  driven  up  on  the  coast  during  storms, 
nd  *'  packed"  to  a  height  of  60  feet.  To  the  motion  of  such  masses, 
ot  still  more  to  that  of  the  ground-ice,  the  Danish  professor  at- 
ibotes  the  striation  of  rocky  surfaces,  forming  the  shores  and  bed  of 
le  sea,  and  he  relates  a  striking  fact  to  prove  that  large  quantities  of 
fckj  fragments  are  annually  carried  by  ice  out  of  the  Baltic.  *'  In 
le  year  1807,"  he  suys,  *^  at  the  time  of  the  bombardment  of  the 
kmish  fleet,  an  English  sloop  of  war,  riding  at  anchor  in  the  roads  at 
openhagen,  blew  up.  In  1844,  or  thirty -seven  years  afterwards, 
le  of  our  divers,  known  to  be  a  trustworthy  man,  went  down  to  save 

*  Jam.  Ed.  Now  Phil  Jonni.  No.  zIyIU.  p.  439. 
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tha  space  between  de  entire  bnt  corered  nith  >ck3  from  fi  i 
6  eatnc  feet  in  mae,  nnd  aome  rf  tliem  betfied  u]>oii  the  othei 

He  also  afflrmed,  that  all  the  annk  shipa  which  he      A  viaited  ii 
Sound,  were  in  Glee  manner  d  over  with  hlocka." 

Dr.  Forohhanuner  alao  infon  that  daring  an  intense  frost  in 

VtlbTVKTj,  ]fM4,  tha  Sonud  a  4  nlj  froaen  over,  and  sheets  iti 
ise,  driren  bj  a  ito  i  el  ped  up  at  the  bottom  of  the  Baj  o 
Ti^rbeyk,  threa  n  to  <  07  a  flihtsf^lage  on  the  sharS. 
The  whole  wai  aoon  u  t  into  oae  matg,  nnd  forced  np  aa 

the  beadi,  forming  a  re  tl  an  16  feet  high,  which  thmiv- 

down  the  walla  of  I    a      >n  "  When  I  visited  the  spot  next 

daj,  I  SAW  ridgea  of  i<  ,         pebUe^  not  on\y  on  tbe  Aotc, 

bnt  extending  i!kr  ont  mto  MMt  of  tlieMa)ShowinghotrgT«4ilX 
ita  bed  had  been  ohangi  a  how  <  uUTi  wbere  it  is  conpoced  ff 
rock,  it  maj  be  formweii  is  ed  by  atones  firmly  lized  ia  IIm 
moving  io&"* 
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Origin  of  spring* — Aitcvan  wells — Boringi  at  Paris— Biiitinct  < 
mineral  and  thermal  watera  maj  be  raiaed  to  the  HiThcc—  Th<:ir 
volcanic  ngcncf — Calcareona  springs — Travertin  of  ilii:  Elsa- 
Tignonc  and  of  San  Filippo,  near  Badicofani — Spberoiiliil  Eiruclurc  in  uvto^ 
—  Lake  of  ihe  Solfotara,  near  Borne— IVaieitin  at  Casciiik  of  Tivoli-Gji*' 
silicaout,  and  femginons  springB — Brine  ipringa  — Caj-lKirmttd  ifjiriiiifS— 1**" 
integration  of  giaoite  in  AnvcTgne .— Feirolcnm  ijning)  — Pitch  lake  of  Trini'^ 

<>riffiH  oftpTtngi. — The  action  of  running  water  on  the  snri'acr  of 
the  land  having  been  considered,  we  may  nest  luni  our  nttentioo  w 
what  may  be  termed  "  the  subterranean  drainage,"  or  tin-  phenorntu' 
of  springs.  Every  one  is  familiar  with  the  fact,  iliat  eertnio  pormM 
8(mIs,  each  as  loose  sand  and  gravel,  absorb  water  with  rapiditr,  v>i 
that  the  ground  composed  of  them  soon  dries  np  nfter  heavy  shoirt't^ 
If  a  well  be  sunk  in  snch  soils,  we  often  penetrate  to  coofidcrable 
depths  before  we  meet  with  water;  but  this  is  usually  found  on  out 
approaching  the  lower  parts  of  the  formation,  wliere  it  rests  on  mim 
impervious  bed;  ftir  here  tbe  water,  unable  to  make  its  way  Aown- 
wards  in  a  direct  line,  accumulates  as  in  a  reservoir,  and  is  read;  10 
ooze  out  into  any  opening  which  may  he  made,  in  Ihe  same  manner 
as  we  see  the  salt  water  flow  into,  and  fill,  any  hollow  whidi 
dig  in  the  sands  of  the  shore  at  low  tide. 


*  Balloiin  da  1*  Sor.  G^oL  de  Trance,  1M7,  tm.  i^ 
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The  facility  with  which  water  can  percolate  loose  Mid  gravelly 
soils  is  clearly  illustrated  by  the  effect  of  the  tides  in  tVie  Thames 
between  Richmond  and  London.  The  river,  in  this  part  of  its  course, 
flows  through  a  bed  of  gravel  overlying  clay,  and  the  porous  super- 
stratum is  alternately  saturated  by  the  water  of  the  Thames  as  the 
tide  rises,  and  then  drained  again  to  the  distance  of  several  hundred 
ieet  from  the  banks  when  the  tide  falls,  so  that  the  wells  in  this  tract 
regularly  ebb  and  flow. 

If  the  transmission  of  water  through  a  porous  medium  be  so  rapid, 
we  cannot  be  surprised  that  springs  should  be  thrown  out  on  the  side 
of  a  hill,  where  the  upper  set  of  strata  consist  of  chalk,  sand,  or  other 
permeable  substances,  while  the  subjacent  are  composed  of  clay  or 
other  retentive  soils.  The  only  difficulty,  indeed,  is  to  explain  why 
the  water  does  not  ooze  out  every  where  along  the  line  of  junction  of 
the  two  formations,  so  as  to  form  one  continuous  land-soak,  instead  of 
*  few  springs  only,  and  these  far  distant  from  each  other.  The 
Principal  cause  of  this  concentration  of  the  waters  at  a  few  points  is, 
first,  the  frequency  of  rents  and  fissures,  which  act  as  natural  drains ; 
s^ndly,  the  existence  of  inequalities  in  the  upper  surface  of  the 
impermeable  stratum,  which  lead  the  water,  as  valleys  do  on  the 
external  surface  of  a  country,  into  certain  low  levels  and  channels. 

That  the  generality  of  springs  owe  their  supply  to  the  atmosphere 
is  evident  from  this,  that  they  become  languid,  or  entirely  cease  to 
flow,  after  long  droughts,  and  are  again  replenished  after  a  con- 
tinuance of  rain.     Many  of  them  are  probably  indebted  for  the  con- 
stancy and  uniformity  of  their  volume  to  the  great  extent  of  the 
sabterranean  reservoirs  with  which  they  communicate,  and  the  time 
required  for  these  to  empty  themselves  by  percolation.      Such  a 
irradual  and  regulated  discharge  is  exhibited,  though  in  a  less  perfect 
degree,  in  every  great  lake  which  is  not  sensibly  affected  in  its  level 
by  sudden  showers,  but  only  slightly  raised ;  so  that  its  channel  of 
efflux,  instead  of  being  swollen  suddenly  like  the  bed  of  a  torrent,  is 
enabled  to  carry  off  the  surplus  water  gradually. 

Much  light  has  been  thrown,  of  late  years,  on  the  theory  of  springs, 
by  the  boring  of  what  are  called  by  the  French  ''Artesian  wells,** 
because  the  method  has  long  been  known  and  practised  in  Artois ; 
and  it  is  now  demonstrated  that  there  are  sheets,  and  in  some  places 
currents  of  fresh  water,  at  various  depths  in  the  earth.  The  instru- 
ment employed  in  excavating  these  wells  is  a  large  auger,  and  the 
cavity  bored  is  usually  from  three  to  four  inches  in  diameter.  If  a 
hard  rock  is  met  with,  it  is  first  triturated  by  an  iron  rod,  and  the 
materials,  being  thus  reduced  to  small  fragments  or  powder,  are 
readily  extracted.  To  hinder  the  sides  of  the  well  from  falling  in,  as 
ftlao  to  prevent  the  spreading  of  the  ascending  water  in  the  surrounding 
aoily  a  jointed  pipe  is  introduced,  formed  of  wood  in  Artois,  but  in 
gather  countries  more  commonly  of  metaL  It  frequently  happens  that, 
af^er  passing  through  hundreds  of  feet  of  retentive  soils,  a  water- 
bearing stratum  is  at  length  pierced,  when  the  fi  uid  immediately 
sfcenda  to  tbe  surface  and  flows  over.    The  first  rush  of  the  water  up 
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the  tube  is  dtmrioha^  go  tbii  fiir  a  tiaa  the  witer  pli^i  Hbt 
fanrtiiffi  mid  thoB,  nnkin^  eontiiiiieB  to  flow  ofcr  tnatpSSff 
mmttlimm  raniiM  tTaliiinaiy  at  a^tttwa  depA  bctoir  the  oiiiti 
thewdL    ThU^pooliiigcfthevatariAtlieiiiitiBitaMaii 
oviBf  to  the  diaeagagement  of  air  and  carboaio  aoii  gt%  far  kalhi 
thaaa  hafo  been  seen  to  babUe  vp  with  the  water.* 

At  ffiieenieaBy  at  the  month  of  the  Thainei^  a  weDwaaboniw 
low  tongne  of  land  near  the  aea»  through  300  feet  of  the  blnadqr^ 
London,  below  whieh  a  bed  of  aand  and  pebblea  waa 
bdonging^4onbtleai^  to  the  phadedaj formation:  whentUai 
waa  pieroed,  the  water  borat  op  with  impetooaity^  and  filled  the 
Bj  another  perforation  at  the  aame  plaoe^  the  water  waa  imni 
the  depth  of  828  feet  below  the  aorfim  daj;  it  firat  niae 
the  height  of  189  feel^  and  then,  in  the  ooarae  of  a  few  ]mnu%  I 
to  an  eleTation  of  eight  feet  abore  the  terel  of  the  ground.    Di'lM 
a  well  was  dog  at  Fnlham»  near  the  Thamei^  at  the  Biahaf 
London'%  to  the  depth  of  817  feet^  "which,  after  traveraing  the 
tiaiy  atitUa,  waa  continoed  through  67  feet  of  chalk.    The 
immediately  roae  to  the  surface,  and  the  diadiarge  wa 
galhma  per  minute.    In  the  garden  of  the  Hiwtienltaral  dfukHf^ 
Chiawiok,  the  boringa  paaaed  through  19  feet  of  grard,  8424fal< 
day  and  loam,  and  67^  feet  <jf  chalk,  and  the  water  then  roae  to  A* 
8uH*ace  from  a  depth  of  329  feetf    At  the  Duke  of  Northumberbuiid% 
above  Chiswick,  the  borings  were  carried  to  the  extraordinary  depth 
of  620  feet,  so  as  to  enter  the  chalk,  when  a  considerable  Tolnuie  ^ 
water  was  obtained,  which  rose  four  feet  above  the  surface  of  tba 
ground.     In  a  weU  of  Mr.  Brooks,  at  Hammersmith,  the  rush  (f 
water  from  a  depth  of  360  feet  was  so  great,  as  to  inundate  serertl 
buildings  and  do  considerable  damage ;  and  at  Tooting,  a  soflEkieDt 
stream  was  obtained  to  turn  a  wheel,  and  raise  the  water  to  the  upptf 
stories  of  the  houses.^    In  1838,  the  total  supply  obtained  fran  tkl 
chalk  near  London  was  estimated  at  six  million  gallons  a  day,  and,  it' 
1851,  at  nearly  double  that  amount,  the  increase  being  accompanied  lif 
an  average  fall  of  no  less  than  two  feet  a  year  in  the  level  to  which 
the  water  rose.     The  water  stood  commonly,  in  1822,  at  high-walflf 
mark,  and  had  sunk  in  1851  to  45,  and  in  some  wells  to  65  fiMt 
below  high- water  mark.§     This  fact  shows  the  limited  capacity  of  Al 
subterranean  reservoir.    In  the  last  of  three  wells  bored  throi^h  As 
chalk  at  Tours,  to  the  depth  of  several  hundred  feet,  the  water  roM 
32  feet  above  the  level  of  the  soil,  and  the  discharge  amounted  to  800 
cubic  yards  of  water  every  twenty-four  hours.  | 

By  way  of  experiment,  the  sinking  of  a  well  was  commenoad  al 
Paris  in  1834,  which  had  reached,  in  November,  1839,  a  deplk  af 
more  than  1600  English  feet,  and  yet  no  water  ascended  to  the  aar* 
face.    The  government  were  persuaded  by  M.  Arago  to  peraevera^  if 

*  Consnk  J.  Prestwich,  Water-bearing        f  Hcricart  de  Thmy,  ^Ptoiti  FoifM^ 

Strata  around  London.    1851.     (Van  p.  49. 
Voorst.)  §  Frcstwich,  p.  69. 

t  Sabine,  Jonm.  of  ScL  Ko.  zxxiu.        |  Bull  de  U  Soa  QM.  do 

p  72.  1824.  tom.  iil  p.  194. 
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necessarj^  to  the  depth  of  more  than  2000  feet ;  but  whin  they  had 
descended  above  1800  English  feet  below  the  surface^  the  ^ater  rose 
through  the  tube  (which  was  about  ten  inches  in  diameter),  to  as  to 
discharge  half  a  million  of  gallons  of  limpid  water  every  twenty-four 
honrs.  The  temperature  of  the  water  increased  at  the  rate  of  l**  8' 
F.  for  every  101  English  feet,  as  they  went  down,  the  result  agreeing 
▼ery  closely  with  the  anticipations  of  the  scientific  advisers  of  this 
most  spirited  undertaking. 

Mr.  Briggs,  the  British  consul  in  Egypt,  obtained  water  between 
Ctiro  and  Suez,  in  a  calcareous  sand,  at  the  depth  of  thirty  feet ;  but 
it  did  not  rise  in  the  well.*  But  other  borings  in  the  same  desert, 
of  variable  depth,  between  50  and  300  feet,  and  which  passed  through 
tlternations  of  sand^  clay,  and  siliceous  rock,  yielded  water  at  the 
8urface.f 

The  rise  and  overflow  of  the  water  in  Artesian  wells  is  generally 
^erred,  and  apparently  with  reason,  to  the  same  principle  as  the  play 
of  an  artificial  fountain.  Let  the  porous  stratum  or  set  of  strata,  a  a, 
'^  on  the  impermeable  rock  J,  and  be  covered  by  another  mass  of 
to  impermeable  nature.  The  whole  mass  a  a  may  easily,  in  such  a 
position,  become  saturated  with  water,  which  may  descend  from  its 
higher  and  exposed  parts  —  a   hilly  region   to  which  clouds   are 


Fii.  20. 


tttractedy  and  where  rain  falls  in  abundance.     Suppose  that  at  some 
point,  as  at  b,  an  opening  be  made,  which  gives  a  free   passage 
upwards  to  the  waters  confined  in  a  a,  at  so  low  a  level  that  they  are 
subjected  to  the  pressure  of  a  considerable  column  of  water  collected 
in  the  more  elevated  portion  of  the  same  stratum.     The  water  will 
then  rush  out,  just  as  the  liquid  from  a  large  barrel  which  is  tapped, 
and  it  will  rise  to  a  height  corresponding  to  the  level  of  its  point  of 
departure,  or,  rather,  to  a  height  which  balances  the  pressure  pre- 
viously exerted  by  the  confined  waters  against  the  roof  and  sides  of 
the  stratum  or  reservoir  a  a.    In  like  manner,  if  there  happen  to  be 
a  natural  fissure  o,  a  spring  will  be  produced  at  the  surface  on  pre- 
cisely the  same  principle. 

Among  the  causes  of  the  failure  of  Artesian  wells,  we  may  mention 
those  numerous  rents  and  faults  which  abound  in  some  rocks,  and 
the  deep  ravines  and  valleys  by  which  many  countries  are  traversed ; 
for,  when  these  natural  lines  of  drainage  exist,  there  remains  a 
small  quantity  only  of  water  to  escape  by  artificial  issues.  We  are 
also  liable  to  be  bafiied  by  the  great  thickness  either  of  porous  or 
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illlf/(;«-vjuu^  81  rata,  or  bv  tii'.  ui|»  of  llie  beds.  irhicL  may 
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1 :  • '.  ■, '•  ?:   V  ':   '  ■ . i. .  I  .   V ;. ' .';    : ;. ■:    v.- L' ' :    -  - .  i -. :. .  '*'    : '.-.'Ur:  »    uu 

f    I    I  «•      /   •'     'J.L    'i  I  *       J.     •••  .^.  •/•■••♦  V    '■'**;■"■'*     ■       V    ■'      'i.TI"l     ' 

♦  •  •  1  ♦!  »    V »  »■■     ,  '  I     i .  Jl  •  •  •  f  •  J  .    /  •'    ;     . .'  \  .  •••       ■■•i'  'i*.«.    in 

1  -  ■  ■  • 

mm  — 

V  ;     •!       *'."|.«  »  I   »     ",1     •  •     ••  j.    -„■•;.■■.    f  ■     ••;.••♦-.        •      •»•<■•,        *    -  •vjh 

V*J-i'##''i'y»«**  lilfc  •.-•.»         .-*^-  i.  i         -    V  -*-«..  ..'        .*         «^    .   a    ■.  »   -      -i...  fc.*J^ 

j;  oM;.'    if;    t:.';    ^M.'.':.       A':.    '.-J    ::.♦:    -<   i-    ^    ■  :•:    ::.  i5.r:     :-f  tb 

J/  u.M  C//// // //<  tf /f/y ^» *>■*  1/ Hi ;  Lr.'i  L '.'. '. :. -j  \ i . •.-  -  . i -.  l  :' r-. -^ *. «  4t( 
( J'lo/iothi^  iittiitjutniti>  ,  i.'.A  -'.-'.J':  1:.:.;  •:  • -.  l?  IIiLj.  % 
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Jri  botii  r:asf:>  it  is  eridont  t:.at   water  had   penetrated 
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fepthS)  not  simply  bj  filtering  through  a  porous  mass,  for  then  it 
mmld  have  left  behind  the  shells,  fish,  and  fragments  of  plants,  but 
tj  flowing  through  some  open  channels  in  the  earth.  Such  examples 
9Uf  suggest  the  idea  that  the  leaky  beds  of  rivers  are  often  the 
leeders  of  springs. 

HINEBAL  AND  THERKAL  SPRINGS. 

Almost  all  springs,  even  those  which  we  consider  the  purest,  are 
Iptpregnated  with  some  foreign  ingredients,  which,  being  in  a  state 
tf  chemical  solution,  are  so  intimately  blended  with  the  water,  as  not 
to  affect  its  clearness,  while  they  render  it,  in  general,  more  agreeable 
to  our  taste,  and  more  nutritious  than  simple  rain-water.  But  the 
ipnngs  called  mineral  contain  an  unusual  abundance  of  earthy 
BuUter  in  solution,  and  the  substances  with  which  they  are  impreg- 
nated correspond  remarkably  with  those  evolved  in  a  gaseous  form 
I7  volcanos.  JMany  of  these  springs  are  thermal,  t.  e.  their  tempera- 
^  is  above  the  mean  temperature  of  the  place,  and  they  rise  up 
through  all  kinds  of  rock ;  as,  for  example,  through  granite,  gneiss, 
^unestone,  or  lava,  but  are  most  frequent  in  volcanic  regions,  or 
where  violent  earthquakes  have  occurred  at  eras  comparatively 
BM)dem. 

The  water  given  out  by  hot  springs  is  generally  more  voluminous 

and  less  variable  in  quantity  at  different  seasons  than  that  proceeding 

fc>ni  any  others.    In  many  volcanic  regions,  jets  of  steam,  called  by 

^  Italians   '^  stufas,"  issue  from  fissures,  at  a  temperature  high 

•hove  the  boiling  point,  as  in  the  neighbourhood  of  Naples,  and  in 

^  Lipari  Isles,  and  are  disengaged  unceasingly  for  ages.     Now,  if 

^ch  columns  of  steam,  which  are  often  mixed  with  other  gases, 

*hoaId  be  condensed  before  reaching  the  surface  by  coming  in  contact 

^th  strata  filled  with  cold  water,  they  may  give  rise  to  thermal  and 

•nineral  springs  of  every  degree  of  temperature.     It  is,  indeed,  by 

ttis  means  only,  and  not  by  hydrostatic  pressure,  that  we  can  account 

ftp  the  rise  of  such  bodies  of  water  from  great  depths ;  nor  can  we 

hesitate  to  admit  the  adequacy  of  the  cause,  if  we  suppose  the 

eXfMmsion  of  the  same  elastic  fluids  to  be  sufficient  to  raise  columns 

of  lava  to  the  lofty  summits  of  volcanic  mountains.     Several  gases, 

the  carbonic  acid  in  particular,  are  disengaged  in  a  free  state  from 

the  soil  in  many  districts,  especially  in  the  regions  of  active  or  extinct 

volcanos ;  and  the  same  are  found  more  or  less  intimately  combined 

with  Uie  waters  of  all  mineral  springs,  both  cold  and  thermal.     Dr. 

Danbeny  and  other  writers  have  remarked,  not  only  that  these  springs 

ire  most  abundant  in  .volcanic  regions,  but  that  when  remote  from 

them,  their  site  usually  coincides  with  the  position  of  some  great 

lerangement  in  the  strata;  a  fault,  for  example,,  or  great  fissure, 

adicating  that  a  channel  of  communication  has  been  opened  with  the 

interior  of  the  earth  at  same  former  period  of  local  convulsion.    It  is 

llto  ascertained  that  at  great  heights  in  the  Pyrenees  and  Himalaya 

MmntainSy  hot  springs  burst  out  from  granitic  rocks,  and  they  are 

It  in  the  Alps  also,  these  chains  having  all  been  disturbed 
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and  dislocated  at  times  com])arativel7  modern,  as  can  be  showi 
independent  geological  evidence. 

The  small  area  of  volcanic  regions  maj  appear,  at  first  viei 
present  an  objection  to  these  views,  but  not  so  when  we  include  ea 
quakes  among  the  effects  of  igneous  agency.  A  large  proportio 
the  land  hitherto  explored  by  geologists,  can  be  shown  to  have  1 
rent  or  shaken  bj  subterranean  movements  since  the  oldest  tert 
strata  were  formed.  It  will  also  be  seen,  in  the  sequel,  that  : 
springs  have  burst  out,  and  others  have  had  the  volume  of  i 
waters  augmented,  and  their  temperature  suddenly  raised  after  at 
quakes,  so  that  the  description  of  these  springs  might  almost  1 
equal  propriety  have  been  given  under  the  head  of  "  igneous  can 
as  they  are  agents  of  a  mixed  nature,  being  at  once  igneouf 
aqueous. 

But  how,  it  will  be  asked,  can  the  regions  of  volcanic  heat  I 
forth  such  inexhaustible  supplies  of  water  ?  The  difficulty  of  mAn 
this  problem  would,  in  truth,  be  insurmountable,  if  we  believed  1 
all  the  atmospheric  waters  found  their  way  into  the  basin  of 
ocean  ;  but  in  boring  near  the  shore,  we  often  meet  with  strean 
fresh  water  at  the  depth  of  several  hundred  feet  below  the  sea  toi 
and  these  probably  descend,  in  many  cases,  far  beneath  the  botton 
the  sea,  when  not  artificially  iiitercrptod  in  their  course.  Yet,  I 
much  greater  may  be  the  quantity  of  salt  water  which  sinks  bene 
the  floor  of  tlie  ocean,  through  the  porous  strata  of  which  it  is  of 
composed,  or  through  fissures  rent  in  it  by  earthquakes.  Af 
penetrating  to  a  considerable  depth,  this  water  may  encounter  a  hi 
of  sufficient  intensity  to  convert  it  into  vapour,  even  under  the  hi 
pressure  to  which  it  would  then  be  subjected.  This  heat  w(M 
probably  be  nearest  the  surface  in  volcanic  countries,  and  fartb 
from  it  in  those  districts  wliich  have  been  Longest  free  from  eruptic 
or  earthquakes. 

It  would  follow  from  the  views  above  explained,  that  there  mi 
be  a  twofold  circulation  of  terrestrial  waters ;  one  caused  by  sol 
heat,  and  tlie  other  by  heat  generated  in  the  interior  of  our  plan' 
We  know  tliat  the  land  would  be  unfit  for  vegetation,  if  deprived 
the  waters  raised  into  the  atmosphere  by  the  sun  ;  but  it  is  also  tr 
that  mineral  springs  are  powerful  instruments  in  rendering  the  surCi 
subservient  to  the  support  of  animal  and  vegetable  life.  Their  h< 
is  ^aid  to  promote  the  development  of  the  aquatic  tribes  in  mi 
parts  of  the  ocean,  and  the  substances  wliich  they  carry  up  framt 
]>owels  of  the  earth  to  the  habitable  surface,  are  of  a  nature  andii 
form  which  adapts  them  peculiarly  for  the  nutrition  of  animals  t 
plants. 

As  these  springs  derive  their  chief  importance  to  the  geolog 
from  the  quantity  and  (quality  of  the  earthy  materials  which,  U 
volcanos,  they  convey  from  below  upwards,  they  may  properly 
considered  in  reference  to  the  ingredients  which  they  hold  in  soluti 
These  consist  of  a  great  variety  of  substances ;  but  chiefly  salts  w 
bases  of  lime,  magnesia,  alumine,  and  iron,  combined  with  carboi 
Eulphuric,  and   muriatic  acids.     Muriate  of  soda,  silica,   and  £ 
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cflurbonic  acid  are  frequently  present ;  also  springs  of  petroleum  or 
liquid  bitumen,  and  of  naphtha. 

Caicareous  springs. — Our  first  attention  is  naturally  directed  to 

BpriDgs  which  are  highly  charged  with  calcareous  matter,  for  these 

pTodace  a  variety  of  phenomena  of  much  interest  in  geology.     It  is 

known  that  rain*water  collecting  carbonic  acid  from  the  atmosphere 

has  the  property  of  dissolving  the  calcareous  rocks  over  which  it 

flows,  and  thus,  in  the  smallest  ponds  and  rivulets,  matter  is  often 

supplied  for  the  earthy  secretions  of  testacea,  and  for  the  growth  of 

eertain  plants  on  which  they  feed.     But  many  springs  hold  so  much 

carbonic  acid  in  solution,  that  they  are  enabled  to  dissolve  a  much 

larger  quantity  of  calcareous  matter  than  rain-water ;  and  when  the 

icid  is  dissipated  in  the  atmosphere,  the  mineral  ingredients  are 

thrown  down,   in   the  form  of  porous  tufa  or  of  more  compact 

travertin.* 

Autergne. — Calcareous  springs,  although  most  abundant  in  lime- 
stone districts,  are  by  no  means  confined  to  them,  but  fiow  out 
indiscriminately  from  all  rock  formations.  In  central  France,  a 
district  where  the  primary  rocks  are  unusually  destitute  of  limestone, 
brings  copiously  charged  with  carbonate  of  lime  rise  up  through  the 
Semite  and  gneiss.  Some  of  these  are  thermal,  and  probably  derive 
their  origin  from  the  deep  source  of  volcanic  heat,  once  so  active  in 
that  region.  One  of  these  springs,  at  the  northern  base  of  the  hill 
ttpon  which  Clermont  is  built,  issues  from  volcanic  peperino,  which 
i^sts  on  granite.  It  has  formed,  by  its  incrustations,  an  elevated 
Diound  of  travertin,  or  white  concretionary  limestone,  240  feet  in 
^^ngth,  and,  at  its  termination,  sixteen  feet  high  and  twelve  wide. 
Another  encrusting  spring  in  the  same  department,  situated  at 
Chaluzet,  near  Pont  Gibaud,  rises  in  a  gneiss  country,  at  the  foot  of 
•  regular  volcanic  cone,  at  least  twenty  miles  from  any  calcareous 
foct  Some  masses  of  tufaceous  deposit,  produced  by  this  spring, 
we  an  oolitic  texture. 

VaUey  of  the  Elsa, — If  we  pass  from  the  volcanic  district  of 
IVanoe  to  that  which  skirts  the  Apennines  in  the  Italian  peninsula. 
We  meet  with  innumerable  springs  which  have  precipitated  so  much 
^careous  matter,  that  the  whole  ground  in  some  parts  of  Tuscany 
U  coated  over  with  tufa  and  travertin,  and  sounds  hollow  beneath 
the  foot 

In  other  places  in  the  same  country,  compact  rocks  are  seen 

descending  the  slanting  sides  of  hills,  very  much  in  the  manner  of 

hva  currents,  except  that  they  are  of  a  white  colour  and  terminate 

abruptly  when  they  reach  the  course  of  a  river.     These  consist  of  a 

ealcaoreous  precipitate  from  springs,  some  of  which  are  still  flowing, 

while  others  have  disappeared  or  changed  their  position.     Such 

massea  are  frequent  on  the  slope  of  the  hills  which  bound  the  valley 

of  the  Elsa,  one  of  the  tributaries  of  the  Amo,  which  fiows  near 

Colle^  through  a  valley  several  hundred  feet  deep,  shaped  out  of  a 

•  See  Gloesary,  •*  1^"  *•  Travertin." 
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laouatrine  formation,  conUining  fossil  shells  of  existing  BpecJiM 
I  observed  here  that  the  travertin  was  unconformable  to  the  Ucnstriaa 
beds,  its  inclination  according  with  the  slope  of  the  sides  of  ttaj 
▼alley.  One  of  the  finest  examples  which  I  saw  was  at  the  MoEi^j 
delte  Caldane,  near  Colic  The  Sena,  and  several  other  snuaS 
riTuIets  which  feed  the  Elsa,  have  the  property  of  encrusting  wocxi 
and  herhs  with  calcareous  atone.  In  the  bed  of  the  Elsa  itself,  aquac^ 
plants,  such  as  Chane,  which  absorb  targe  quantities  of  carbonate  a| 
lime,  are  very  abundant.  i 

BaAsof  San  Vignone. — Those  persons  who  have  menly  eeea 
the  action  of  petrifying  waters  in  England,  wilt  not  easily  form  u 
adequate  conception  of  the  scale  on  which  the  sane  process  is  ex*  f 
hibited  in  those  regions  which  lie  nearer  to  the  active  ee: 
volcanic  disturbance.  One  of  the  most  striking  examples  of  tb4  I 
rapid  precipitation  of  carbonate  of  lime  from  thermal  waI«^^  occfli*  I 
in  the  hill  of  San  Vignone  in  Tuscany,  at  a  short  distance  from  Ri* 
dicofiuu,  and  only  a  few  hundred  yards  from  the  high  road  betwMO  ' 
Sienna  and  Borne.    The  spring  issues  from  near  the  summit  ft  hm 
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rocky  hill,  about  100  feet  in  height.  The  top  of  the  hill  si 
a  gently  inclined  platform  to  the  foot  of  Mount  Amiata,  a  lofty  eiu' 
nenoe,  which  consists  in  great  part  of  volcanic  products.  Hie  fonif 
mental  rock,  from  which  the  spring  issues,  is  a  black  slate,  viik 
eerpenUne  (6  b,  fig.  21.),  belonging  to  the  older  Apennine  fonnatM** 
The  water  is  hot,  baa  a  strong  taste,  and,  when  not  in  very  taA 
quantity,  Is  of  a  bright  green  colour.  So  rapid  is  the  depotitiM 
near  the  source,  that  in  the  bottom  of  a  conduit-pipe  for  canyiDg 
off  the  water  to  the  botlis,  and  wliich  is  inclined  at  an  angle  of  MTt 
half  a  foot  of  solid  travertin  is  formed  every  year.  A  more  oopW* 
rock  is  produced  where  the  water  flows  slowly;  and  the  precipitatiw 
in  winter,  when  there  is  least  evaporation,  is  said  to  be  more  ■oli't 
but  less  in  quantity  by  one  fourth,  than  in  summer.  Tlie  lotk  it 
generally  white ;  some  parts  of  it  are  compact,  and  ting  to  the  baa' 
mert  others  are  cellnlu',  and  with  such  cavities  ai  are  aeeniBtbt 
carious  part  of  bone  or  the  uliceous  millstone  of  the  Paris  bsaiii.  A 
portion  of  it  also  below  the  village  of  San  Vignone  oonaiati  of  ia* 
crustations  of  long  vegetable  tubes,  and  may  be  called  tufa.    Soba* 
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IS  the  travertin  assumes  precisely  the  botrjoidal  and  mammillarj 
as,  common  to  similar  deposits  in  Auvergne,  of  a  much  older 
i ;  and,  like  them,  it  often  scales  off  in  thin,  slightly  undulating 
irs. 

V.  large  mass  of  travertin  {e,  fig.  21.)  descends  the  hill  from  the 
Dt  where  the  spring  issues,  and  reaches  to  the  distance  of  about 
f  a  mile  east  of  San  Vignone.  The  beds  take  the  slope  of  the  hill 
about  an  angle  of  6°,  and  the  planes  of  stratification  are  per- 
tly parallel.  One  stratum,  composed  of  many  layers,  is  of  a 
Dpact  nature,  and  fifteen  feet  thick;  it  serves  as  an  excellent 
ilding  stone,  and  a  mass  of  fifteen  feet  in  length  was,  in  1828, 
t  out  for  the  new  bridge  over  the  Orcia.  Another  branch  of  it 
fig.  21.),  descends  to  the  west,  for  250  feet  in  length,  of  varying 
ckness,  but  sometimes  200  feet  deep :  it  is  then  cut  off  by  the  small 
er  Orcia,  as  some  glaciers  in  Switzerland  descend  into  a  valley 
I  their  progress  is  suddenly  arrested  by  a  transverse  stream  of 
iter. 

The  abrupt  termination  of  the  mass  of  rock  at  the  river,  where 
thickness  is  undiminished,  clearly  shows  that  it  would  proceed 
ich  farther  if  not  arrested  by  the  stream,  over  which  it  impends 
ghtly.  But  it  cannot  encroach  upon  the  channel  of  the  Orcia, 
ing  constantly  undermined,  so  that  its  solid  fragments  are  seen 
"ewed  amongst  the  alluvial  gravel.  However  enormous,  therefore, 
e  mass  of  solid  rock  may  appear  which  has  been  given  out  by  this 
igle  spring,  we  may  feel  assured  that  it  is  insignificant  in  volume 
len  compared  to  that  which  has  been  carried  to  the  sea  since  the 
Qe  when  it  began  to  flow.  What  may  have  been  the  length  of  that 
fiod  of  time  we  have  no  data  for  conjecturing.  In  quarrying  the 
t?ertin,  Roman  tiles  have  been  sometimes  found  at  the  depth  of  five 
six  feet 

Baths  of  San  FUippo.  —  On  another  hill,  not  many  miles  from 
U  last  mentioned,  and  also  connected  with  Mount  Amiata,  the 
Qimit  of  which  is  about  three  miles  distant,  are  the  celebrated  baths 
San  Filippo.  The  subjacent  rocks  consist  of  alternations  of  black 
ite,  limestone,  and  serpentine.  There  are  three  warm  springs  con- 
'ning  carbonate  and  sulphate  of  lime,  and  sulphate  of  magnesia. 
)e  water  which  supplies  the  baths  falls  into  a  pond,  where  it  has 
en  known  to  deposit  a  solid  mass  thirty  feet  thick  in  about  twenty 
vr$,^  A  manufactory  of  medallions  in  basso-relievo  is  carried  on 
these  baths.  The  water  is  conducted  by  canals  into  several  pits, 
which  it  deposits  travertin  and  crystals  of  sulphate  of  lime.  After 
og  thus  freed  from  its  grosser  parts,  it  is  conveyed  by  a  tube 
the  summit  of  a  small  chamber,  and  made  to  fall  through  a 
oe  of  ten  or  twelve  feet.  The  current  is  broken  in  its  descent 
numerous  crossed  sticks,  by  which  the  spray  is  dispersed  around 
m  certain  moulds,  which  are  rubbed  lightly  over  with  a  solution 
loap,  and  a  deposition  of  solid  matter  like  marble  is  the  result, 

*  Dr.  Gruesc  on  the  Batlis  of  San  Filippo,  Ed.  Phil.  Joum.  yol  ii.  p.  292. 
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jidding  a  beantiM  cast  of  the  figures  fonned  in  the  moiiU. 
geologist  may  derive  from  these  experiments  consideralile 
regard  to  the  high  slope  of  the  strata  at  which  some  semi< 
precipitations  can  he  formed;  for  some  of  the  moulds  are 
almost  perpendicolarly,  yet  the  d^Kxtftion  is  nearly  eqoal 
parts. 

A  hard  stratum  of  stone^  abont  afoot  in  thickness,  is  obtainel 
the  waters  of  San  Filippo  in  four  months;  and»  as  the  qpriagi 
powerfaU  and  almost  mdiform  in  the  quantity  given  oat,  we  aie  rf 
loss  to  comprehend  the  magnitude  of  the  mass  which  desesat 
hill»  which  is  a  mile  and  a  quarter  in  length  and  the  third  of  a 
in  breadth,  in  some  places  attaining  a  thickness  of  250  fbet  it 
To  what  length  it  might  have  reached  it  is  impossible  to 
as  it  is  cut  ofl^  like  the  travertin  of  San  Vignmie,  by  a  amall 
where  it  terminates  abruptly.    The  remainder  of  the  matter 
solution  is  carried  on  probably  to  the  sea. 

Spheroidal  iirueture  in  travertin. — But  what  reedera  this 
limestone  of  peculiar  interest  to  the  geologist,  is  the  splieroidsl 
which  it  assumes,  analogous  to  that  of  the  cascade  of  Tlvdi, 
wards  to  be  described.  (See  fig.  22.  p.  244.)  The  laminatJon ef 
of  the  concentric  masses  is  so  minute  that  sixty  may  be  coialel 
the  thickness  of  an  inch,  yet,  notwithstanding  these  marks  of 
and  successive  deposition,  sections  are  sometimes  exhibited  of  wW 
might  seem  to  be  perfect  spheres.  This  tendency  to  a  mammilkf^ 
and  globular  structure  arises  from  the  facility  with  which  the  dies* 
reous  matter  is  precipitated  in  nearly  equal  quantities  on  all  side!  si 
any  fragment  of  shell  or  wood,  or  any  inequality  of  the  surface  otei 
which  the  mineral  water  flows,  the  form  of  the  nucleus  being  res^ 
transmitted  through  any  number  of  successive  envelopes.  But  thtM 
masses  can  never  be  perfect  spheres,  although  they  often  appetr  mA 
when  a  transverse  section  is  made  in  any  line  not  in  the  directioosi 
the  point  of  attachment.  There  are,  indeed,  occasionally  seen  said 
oolitic  and  pisolitic  grains,  of  which  the  form  is  globular ;  for  Al 
nucleus,  having  been  for  a  time  in  motion  in  the  water,  has  receivil 
fresh  accessions  of  matter  on  all  sides. 

In  the  same  manner  I  have  seen,  on  the  vertical  walls  of  hagi 
steam-boilers,  the  heads  of  nails  or  rivets  covered  by  a  series  of  ennlflf* 
ing  crusts  of  calcareous  matter,  usually  sulphate  of  lime  ;  so  thataeoa' 
cretionary  nodule  is  formed,  preserving  a  nearly  globular  shape,  wiM 
increased  to  a  mass  several  inches  in  diameter.  In  these,  as  in  OM] 
travertins,  there  is  often  a  combination  of  the  concentric  and  radisMi 
structure. 

Campagna  di  Roma, — The  country  around  Rome,  like  ntff 
parts  of  the  Tuscan  States  already  referred  to,  has  been  at  som 
former  period  the  site  of  numerous  volcanic  eruptions;  and  A 
springs  are  still  copiously  impregnated  with  lime,  carbonic  add,  at 
sulphuretted  hydrogen.  A  hot  spring  was  discovered  aboot  18X 
near  Civita  Yecchia,  by  Signor  Riccioli,  which  deposits  alterMH 
beds  of  a  yellowish  travertin,  and  a  white  granular  rock,  not  A 
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tbgaishable,  in  hand  specimens,  either  in  grain,  colour,  or  composi- 
tkm,  from  statuary  marble.  There  is  a  passage  between  this  and 
ordiaaiy  travertin.  The  mass  accumulated  near  the  spring  is  in 
some  places  about  six  feet  thick. 

Lake  of  the  Solfatara,  — In  the  Campagna,  between  Rome  and 
TiToli,  is  the  Lake  of  the  Solfatara,  called  also  Lago  di  2k)lfo  (lacus 
ilbala),  into  which  flows  continually  a  stream  of  tepid  water  from  a 
smaller  lake,  situated  a  few  yards  above  it.  The  water  is  a  saturated 
Bolation  of  carbonic  acid  gas,  which  escapes  from  it  in  such  quantities 
in  some  parts  of  its  surface,  that  it  has  the  appearance  of  being 
actually  in  ebullition.  "I  have  found  by  experiment,"  says  Sir 
Humphry  Davy,  "  that  the  water  taken  from  the  most  tranquil  part 
of  the  lake,  even  after  being  agitated  and  exposed  to  the  air,  con- 
timed  in  solution  more  than  its  own  volume  of  carbonic  acid  gas, 
with  a  very  small  quantity  of  sulphuretted  hydrogen.  Its  high 
temperature,  which  is  pretty  constant  at  80^  of  Fahr.,  and  the 
quantity  of  carbonic  acid  that  it  contains,  render  it  peculiarly  fitted 
to  afford  nourishment  to  vegetable  life.  The  banks  of  travertin  are 
every  where  covered  with  reeds,  lichen,  confervas,  and  various  kinds 
of  aquatic  vegetables ;  and  at  the  same  time  that  the  process  of 
T^etable  life  is  going  on,  the  crystallizations  of  the  calcareous 
matter,  which  is  every  where  deposited,  in  consequence  of  the  escape 
of  carbonic  acid,  likewise  proceed. — There  is,  I  believe,  no  place  in 
the  world  where  there  is  a  more  striking  example  of  the  opposition 
or  contrast  of  the  laws  of  animate  and  inanimate  )iature.  of  the  forces 
of  inorganic  chemical  affinity,  and  those  of  the  powers  of  life."* 

The  same  observer  informs  us  that  he  fixed  a  stick  in  a  mass  of 
travertin  covered  by  the  water  in  the  month  of  IViay,  and  in  April 
foUowing  he  had  some  difficulty  in  breaking,  with  a  sharp^pointed 
'^mer,  the  mass  which  adhered  to  the  stick,  and  which  was  several 
inches  in  thickness.  The  upper  part  was  a  mixture  of  light  tufa  and 
the  leaves  of  confervas ;  below  this  was  a  darker  and  more  solid 
travertin,  containing  black  and  decomposed  masses  of  confervas ;  in 
tfce  inferior  part  the  travertin  was  more  solid,  and  of  a  grey  colour, 
Wwith  cavities  probably  produced  by  the  decomposition  of  vegetable 
BMUter.t 

The  stream  which  flows  out  of  this  lake  fills  a  canal  about  nine 

^  broad  and  four  deep,  and  is  conspicuous  in  the  landscape  by  a 

'^  of  vapour  which  rises  from  it.     It  deposits  calcareous  tufa  in 

^  channel,  and  the  Tiber  probably  receives  from  it,  as  well  as  from 

Numerous  other  streams,  much  carbonate  of  lime  in  solution,  which 

^J  contribute  to  the  rapid  growth  of  its  delta.     A  large  proportion 

of  the  most  splendid  edifices  of  ancient  and  modern  Rome  are  built 

of  travertin,  derived  from  the  quarries  of  Ponte  Lucano,  where  there 

Itts  evidently  been  a  lake  at  a  remobe  period,  on  the  same  plain  aa 

that  already  described. 


•  ConaolatioDs  in  Travel,  pp.  123—125.  f  Ihid.  p.  127. 
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IVavfHni  ^  Tfrcfi. — In  the  same  nd^hbonrhood  tbe 
vaten  of  the  Anio  incrost  the  reedt  wbidi  grow  on  ita  1 
the  Foam  of  the  cataract  of  UtoU  forma  beantifiil  pendant 
On  the  aides  of  the  deep  chaam  into  which  the  cascade  thmni 
then  ia  aem  an  extraordinarj  accamnlation  of  hOTixontal  b 
ta&  and  tiaTertin,  from  foot  to  fire  hnndrad  feet  in  tlueki 


it  Cu«U  at  TEnll. 

section  immediatelj  under  the  temples  of  Vesta  and  the  Shji 
plays,  in  a  precipice  about  four  hundred  feet  high,  eome  ^A* 
which  are  from  tix  to  tight  feet  in  diameter,  each  concentria  1 
being  aboat  the  eighth  of  an  inch  in  thickness.  The  pieai 
diagram  exhibits  about  fourteen  feet  or  this  immense  mass,  as  W 
the  path  cut  out  of  the  rock  in  descending  from  the  temple  of  1 
to  the  Grotto  di  Nettuno.  I  have  not  attempted  to  exprcMil 
drawing  the  innumerable  thin  layers  of  which  these  magldl 
spheroids  are  composed,  but  the  lines  given  mark  some  of  the  ni 
divisions  into  which  they  are  separated  by  minute  variations  il 
siie  or  colour  of  the  laminie.  The  undulations  also  are  mach  ■ 
in  proportion  to  the  whole  circumference  than  in  the  drawing. 


CH.XVL]      SULPHUREOUS  AND  GYPSEOUS  SPRINGS.  245 

beds  (a  a)  are  of  hard  travertin  and  soft  tufa ;  below  them  is  a 
pisolite  (6),  the  globules  being  of  different  sizes:  underneath  this 
appears  a  mass  of  concretionar  j  travertin  (c  <;),  some  of  the  spheroids 
being  of  the  above-mentioned  extraordinary  size.  In  some  places  (as 
at  d)  there  is  a  mass  of  amorphous  limestone,  or  tufa,  surrounded  by 
concentric  layers.  At  the  bottom  is  another  bed  of  pisolite  (6),  in 
which  the  small  nodules  are  about  the  size  and  shape  of  beans,  and 
some  of  them  of  filberts,  intermixed  with  some  smaller  oolitic  grains. 
In  the  tufaceous  strata,  wood  is  seen  converted  into  a  light  tufa. 

There  can  be  little  doubt  that  the  whole  of  this  deposit  was  formed 
in  an  extensive  lake  which  existed  when  the  external  configuration  of 
this  country  varied  greatly  from  that  now  observed.  The  Anio 
throws  itself  into  a  ravine  excavated  in  the  ancient  travertin,  and  its 
waters  give  rise  to  masses  of  calcareous  stone,  scarcely  if  at  all  dis- 
tinguishable from  the  older  rock.  I  was  shown,  in  1828,  in  the  upper 
part  of  the  travertin,  the  hollow  left  by  a  cart-wheel,  in  which  the 
outer  circle  and  the  spokes  had  been  decomposed,  and  the  spaces  which 
tbej  filled  left  void.  It  seemed  to  me  at  the  time  impossible  to  ex- 
pkin  the  position  of  this  mould,  without  supposing  that  the  wheel 
was  imbedded  before  the  lake  was  drained;  but  Sir  R.  Murchison 
suggests  that  it  may  have  been  washed  down  by  a  flood  into  the  gorge 
in  modern  times,  and  then  incrusted  with  calcareous  tufa  in  the  same 
iDanner  as  the  wooden  beam  of  the  church  of  St.  Lucia  was  swept 
down  in  1826,  and  stuck  fast  in  the  Grotto  of  the  Syren,  where  it 
still  remains,  and  will  eventually  be  quite  imbedded  in  travertin. 

Iha?e  already  endeavoured  to  explain  (p.  241.),  when  speaking  of 
the  travertin  of  San  Filippo,  how  the  spheroidal  masses  represented  in 
figure  22.  may  have  been  formed. 

Sulphureous  and  gypseous  springs, — The  quantity  of  other  mi- 
iteral  ingredients  wherewith  springs  in  general  are  impregnated  is 
^significant  in  comparison  to  lime,  and  this  earth  is  most  frequently 
combined  with  carbonic  acid.  But,  as  sulphuric  acid  and  sulphuretted 
liydrogen  are  very  frequently  supplied  by  springs,  gypsum  may, 
perhaps,  be  deposited  largely  in  certain  seas  and  lakes.  Among  other 
gypseous  precipitates  at  present  known  on  the  land,  I  may  mention 
those  of  Baden,  near  Vienna,  which  feed  the  public  bath.  Some  of 
ikese  supply  singly  from  600  to  1000  cubic  feet  of  water  per  hour, 
nd  deposit  a  fine  powder,  composed  of  a  mixture  of  sulphate  of  lime 
rith  sulphur  and  muriate  of  lime.*  The  thermal  waters  of  Aix,  in 
ItToy,  in  passing  through  strata  of  Jurassic  limestone,  turn  them 
ito  gypsum  or  sulphate  of  lime.  In  the  Andes,  at  the  Puenta  del 
Dca,  Lieutenant  Brand  found  a  thermal  spring  at  the  temperature  of 
1^  Fahr.,  containing  a  large  proportion  of  gypsum  with  carbonate 
r  lime  and  other  ingredients.f  Many  of  the  mineral  springs  of 
seland,  says  Mr.  R.  Bunsen,  deposit  gypsum  },  and  sulphureous  acid 
18  escapes  plentifully  from  them  as  from  the  volcanos  of  the  same 

*  C.  Prevoet,  Essai  sur  la  Constitution        t  Trayels  across  the  Andes,  p^  240. 
iijtiqne  da  Bassin  de  Vienne,  p.  10.  %  Annalen  der  Chcm.  1847. 
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idand.  It  may,  indeed,  be  laid  down  as  a  general  nla,  diai  tti 
mineral  substances  dissolved  in  hot  springs  agree  verj  dosdij  «& 
those  which  are  disengaged  in  a  gaseous  fioim  from  the  ontms  d 
active  Tolcanos. 

SUieeaui  tpringi* — j,  .— :  nder  that  water  sfaoold  hoUa 
▼eiy  large  quantity  of  m  i    utiioa»  it  seems  nenessarj  ttst  il 

should  be  raised  to  a  1     n       ]      iure.*    The  hot  ^n^gs  ef  Ai 
VaUe  das  Femas»  in  the  i         of     .  MSchaeI»  rising 
rocksy  precipitate  vast  qi       i  niiceous  sinter.    Aroimd 

enlar  basin,  of  the  largest  ing,  wnich  is  between  twentjraad  tUrif 
feet  in  diameter,  alte     te  are  seen  of  a  coaieer  Taiis^  d\ 

sinter  mixed  with  day,  indi  ing  grasi^  femsy  and  reeds,  in  £CmI 
states  of  petri&ction.  In  so  instances,  alumina,  whidi  b  UkeviM 
deposited  from  the  hot  waters,  is  the  mineralising  materiaL  Braaehei 
of  the  same  ferns  which  now  flourish  in  the  island  are  fomsd  esB- 
pletely  petrified,  preser▼i^g  the  same  appearance  as  when  metaii^' 
except  that  they  acquire  an  ash-grey  cdonr*  Fragments  joif  iiss4 
and  one  entire  bed  from  three  to  five  feet  in  depth,  composed  efwii 
now  common  in  the  island,  have  become  completdy  mineraHnL 

The  most  abundant  variety  of  siliceous  sinter  occurs  in  lajan^  ftM 
a  quarter  to  half  an  inch  in  thickness,  accumulated  on  ndi  ote 
often  to  the  height  of  a  foot  and  upwards,  and  constituting  parsIM, 
and  for  the  most  part  horizontal,  strata  many  yards  in  extent  Tliii 
sinter  has  often  a  beautiful  semi-opalescent  lustre.  A  recent  breeds 
is  also  in  the  act  of  forming,  composed  of  obsidian,  pumice^  sad 
scoriae,  cemented  by  siliceous  sinter,  f 

Geysers  of  Iceland — But  the  hot  springs  in  various  parts  of 
Iceland,  particularly  the  celebrated  geysers,  afibrd  the  most  remtrk* 
able  example  of  the  deposition  of  silex.  %  The  circular  reservoin  into 
which  the  geysers  fall,  are  lined  in  the  interior  with  a  variety  of 
opal,  and  round  the  edges  with  sinter.  The  plants  incrusted  witk 
the  latter  substance  have  much  the  same  appearance  as  those  ia« 
crusted  with  calcareous  tufa  in  our  own  country.  They  caanti  of 
various  grasses,  the  horse-tail  {Equisetum),  and  leaves  of  the  birde 
tree,  which  are  the  most  common  of  all,  though  no  trees  of  this  spedei 
now  exist  in  the  surrounding  country.  The  petrified  stems  slio  of 
the  birch  occur  in  a  state  much  resembling  agatized  wood.§ 

By  analysis  of  the  water,  Mr.  Faraday  has  ascertained  tiiat  the 
solution  of  the  silex  is  promoted  by  the  presence  of  the  alkali,  aodat 
He  suggests  that  the  deposition  of  silica  in  an  insduble  state  taktf 
place  partly  because  the  water  when  cooled  by  exposure  to  the  sir 
is  unable  to  retain  as  much  silica  as  when  it  issues  from  the  esrlk 
at  a  temperature  of  18(F  or  190^  Fahr.;  and  partly  becaoss  the 
evaporation  of  the  water  decomposes  the  compound  of  silica  and  sods 
which  previously  existed.  This  last  change  is  probably  hastened  \f 
the  carbonic  acid  of  the  atmosphere  uniting  with  the  soda*    Ike 

*  Daal)€ny  on  Volcanos,  p.  222.  t  See  a  cot  of  the  Icelasdie  gejfi 

t  Dr.  Webster  on  the  Ilot   Springs  chap.  32. 

of  FumsR,  Ed.  Phil.  Joom.  toI.  yi.  p.  §  M.  Robert,  BnneCmdeUSocGM 

306.  do  France,  torn,  vii  p.  11. 
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alkali,  when  disunited  from  the  silica,  would  readily  be  dissolved  in 
and  removed  by  running  water.* 

Mineral  waters,  even  when  charged  with  a  small  proportion  of 
silica,  as  those  of  Ischia,  may  supply  certain  species  of  corals,  sponges, 
and  infusoria,  with  matter  for  their  siliceous  secretions ;  but  there  is 
little  doubt  that  rivers  obtain  silez  in  solution  from  another  and  far 
more  general  source,  namely,  the  decomposition  of  fehpar.  When 
this  mineral,'  which  is  so  abundant  an  ingredient  in  the  hypogene 
tnd  trappean  rocks,  has  disintegrated,  it  is  found  that  the  residue, 
called  porcelain  clay,  contains  a  small  proportion  only  of  the  silica 
which  existed  in  the  original  felspar,  the  other  part  having  been 
dissolved  and  removed  by  water.f 

Ferruginous  springs. — The  waters  of  almost  all  springs  contain 
some  iron  in  solution ;  and  it  is  a  fact  familiar  to  all,  that  many  of 
them  are  so  copiously  impregnated  with  this  metal,  as  to  stain  the 
rocks  or  herbage  through  which  they  pass,  and  to  bind  together 
sand  and  gravel  into  solid  masses.  We  may  naturally,  then,  conclude 
that  this  iron,  which  is  constantly  conveyed  from  the  interior  of  the 
earth  into  lakes  and  seas,  and  which  does  not  escape  again  from  them 
into  the  atmosphere  by  evaporation,  must  act  as  a  colouring  and 
cementing  principle  in  the  subaqueous  deposits  now  in  progress. 
(Seologists  are  aware  that  many  ancient  sandstones  and  conglomerates 
are  bound  together  or  coloured  by  iron. 

Brine  springs,  —  So  great  is  the  quantity  of  muriate  of  soda  in 
some  springs,  that  they  yield  one  fourth  of  their  weight  in  salt. 
They  are  rarely,  however,  so  saturated,  and  generally  contain, 
intermixed  vnth  salt,  carbonate  and  sulphate  of  lime,  magnesia,  and 
other  mineral  ingredients.  The  brine  springs  of  Cheshire  are  the 
richest  in  our  country ;  those  of  Northwich  being  almost  saturated. 
Those  of  Barton  also,  in  Lancashire,  and  Droitwich  in  Worcestershire, 
are  extremely  rich.  J  They  are  known  to  have  flowed  for  more 
than  1000  years,  and  the  quantity  of  salt  which  they  have  carried 
into  the  Severn  and  Mersey  must  be  enormous.  These  brine  springs 
rise  up  through  strata  of  sandstone  and  red  marl,  which  contain  large 
beds  of  rock  salt.  The  origin  of  the  brine,  therefore,  may  be  derived 
in  this  and  many  other  instances  from  beds  of  fossil  salt;  but  as 
muriate  of  soda  is  one  of  the  products  of  volcanic  emanations  and 
of  springs  in  volcanic  regions,  the  original  source  of  salt  may  be  as 
deep  seated  as  that  of  lava. 

Many  springs  in  Sicily  contain  muriate  of  soda,  and  the  ''flume 
•aboy"  in  particular,  is  impregnated  with  so  large  a  quantity,  that 
cattle  refuse  to  drink  of  it.  A  hot  spring,  rising  through  granite, 
at  Saint  Nectaire,  in  Auvergne,  may  be  mentioned  as  one  of  many, 
containing  a  large  proportion  of  muriate  of  soda,  together  with 
magnesia  and  other  ingredients.§ 

•  Barrow's  Iceland,  p.  209.  \  L.  Homer,  GcoL  Trans.  toL  ii.  p. 

t  See  Lyell's  Manual  of  Klcmentary  94. 

Geology ;  and  Dr.  Turner,  Jam.  Ed.  §  Ann.  do  rAuvergnc,  tome  I  p.  234. 
New  FhiL  Joam.  No.  zxx.  p.  246. 
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Carbmutied  iprmg$.  —  Auvergne. -^CMhonie  acid  gas  ia 
plentifallj  diaengaged  from  springs  in  almost  all  countriei^ 
particalarly  near  active  or  extinct  Tolcanos.  This  elastic  fluid 
tbe  propert J  of  decomposing  many  of  the  hardest  rocks  with  wi 
it  comes  in  contact,  particiilarly  that  numerous  class  in  whose 
podtion  felspar  is  an  ingredient  It  renders  the  oxide  of  iron 
in  water,  and  oontribntes,  as  was  before  stated,  to  the  sdotiaa 
calcareous  matter.  In  volcanic  districts  these  gaseous 
are  not  confined  to  springs,  but  rise  up  in  the  state  of  pure  gas 
the  soil  in  various  places.  The  Grotto  del  Cane,  near  Naples, 
an  example,  and  prodigious  quantities  are  now  annually  di 
from  every  part  of  the  Limagne  d'Auvergne,  where  it  ajqpeara 
have  been  developed  in  equal  quantity  from  time  immemoriaL 
the  add  is  invisible,  it  is  not  observed,  except  an  excavation  be 
wherein  it  immediately  accumulates,  ^so,  that  it  will  exUngui 
candle.  There  are  some  springs  in  this  district,  where  the 
seen  bubbling  and  boiling  up  with  much  noise,  in  consequenea 
the  abundant  disengagement  of  this  gas.  In  the  envurons  of  B 
Gibaud,  not  far  from  Clermont,  a  rock  belonging  to  the 
formation,  in  whidi  lead-mines  are  worked,  has  been  found  to 
quite  saturated  with  carbonic  acid  gas,  which  is  constantly 
gaged.  The  carbonates  of  iron,  lime,  and  manganese  are  so  dii 
solved,  that  the  rock  is  rendered  soft,  nnd  the  quartz  alone  remain 
unattacked.*  Not  far  off  is  the  small  volcanic  cone  of  Chaloaei 
which  once  broke  up  through  the  gneiss,  and  sent  forth  a  lava-streaa 

Supposed  atmosphere  of  carbonic  acid.  —  Prof.  BischofT  in  hi 
history  of  volcanosf,  has  shown  what  enormous  quantities  of  cai 
bonic  acid  gas  are  exhaled  in  the  vicinity  of  the  extinct  cratei 
of  the  Rhine,  (in  the  neighbourhood  of  the  Laachcr-see,  for  ea 
ample,  and  the  Eifel,)  and  also  in  the  mineral  springs  of  Nasss' 
and  other  countries  where  tlicre  are  no  immediate  traces  of  vol 
canic  action.  It  would  be  easy  to  calculate  in  how  short  a  perio 
the  solid  carbon,  thus  emitted  from  the  interior  of  the  earth  in  m 
invisible  form,  would  amount  to  a  quantity  as  great  as  could  b 
obtained  from  the  trees  of  a  large  forest,  and  how  many  thousan 
years  would  be  required  to  supply  the  materials  of  a  dense  seam  C 
pure  coal  from  the  same  source.  *  Geologists  who  favour  the  doctrin 
of  the  former  existence  of  an  atmosphere  highly  charged  with  cai 
bonic  acid,  at  the  period  of  the  ancient  coal-plants,  have  not  sull 
ciently  reflected  on  the  continual  disengagement  of  carbon,  which  i 
taking  place  in  a  gaseous  form  from  springs,  as  also  in  a  free  state  froi 
the  ground  and  from  volcanic  craters  into  the  air.  We  know  that  a 
plants  are  now  engaged  in  secreting  carbon,  and  many  thousands  i 
large  trees  are  annually  floated  down  by  great  rivers,  and  buried  i 
their  alluvial  deposits ;  but  before  we  can  assume  that  the  quantity  < 
carbon  which  becomes  i>ermanent1y  locked  up  in  the  earth  by  aoc 

*  Ann.  Sciont.  dc  rAnvcrigine,  tome  iL  f  Edinh*  New  FhiL  Jonrn.  Ck 
Jane,  1829.  1839. 
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^encj  will  bring  about  an  essential  change  in  the  chemical  com- 
;SX>sition  of  the  atmosphere,  we  must  be  sure  that  the  trees  annually 
Juried,  contain  more  carbon  than  is  given  out  from  the  interior  of 
'^lie  earth  in  the  same  lapse  of  time.    Every  large  area  covered  by  a 
dense  mass  of  peat  bears  ample  testimony  to  the  fact,  that  several 
xmillion  tons  of  carbon  have  been  taken  from  the  air,  by  the  powers 
of  v^etable  life,  and  stored  up  in  the  earth's  crust,  a  large  quantity 
of  oxygen  having  been  at  the  same  time  set  free ;  but  we  cannot  infer 
^rom  these  circumstances,  that  the  constitution  of  the  atmosphere  has 
\ieen  materially  deranged,  until  we  have  data  for  estimating  the  rate 
^t  which  dead  animal  and  vegetable  substances  are  daily  putrefying, 
— organic  remains  and  various  calcareous  rocks  decomposing,  and 
Xrolcanic  regions  emitting  fresh  volumes  of  carbonic  acid  gas.     That 
^e  ancient  carboniferous  period  was  one  of  vast  duration  all  geo- 
logists are  agreed ;  instead,  therefore,  of  supposing  an  excess  of  car- 
l)onic  acid  in  the  air  at  that  epoch,  for  the  support  of  a  peculiar 
^ora,  we  may  imagine  Time  to  have  multiplied  the  quantity  of  carbon 
given  out  annually  by  mineral  springs,  volcanic  craters,  and  other 
sources,  until  the  component  elements  of  finy  given  number  of  coal 
seams  had  been  evolved  from  below,  without  any  variation  taking  place 
in  the  constitution  of  the  atmosphere.     It  has  been  too  common,  in 
reasoning  on  this  question,  to  compute  the  loss  of  carbon  by  the 
volume  of  coal  stored  up  in  the  ancient  strata,  and  to  take  no  account 
of  the  annual  gain,  by  the  restoration  of  carbonic  acid  to'the  atmo- 
sphere, through  the  machinery  above  alluded  to.* 

Disintegratvig  effects  of  carbonic  acid, — The  disintegration  of 
granite  is  a  striking  feature  of  large  districts  in  Auvergne,  especially 
in  the  neighbourhood  of  Clermont.  This  decay  was  called  by 
Dolomieu,  "  la  maladie  du  granite ;"  and  the  rock  may  with  propriety 
be  said  to  have  the  rot,  for  it  crumbles  to  pieces  in  the  hand.  The 
phenomenon  may,  without  doubt,  be  ascribed  to  the  continual  dis- 
engagement of  carbonic  acid  gas  from  numerous  fissures. 

In  the  plains  of  the  Po,  between  Verona  and  Parma,  especially  at 
Villa  Franca,  south  of  Mantua,  I  observed  great  beds  of  alluvium, 
consisting  chiefly  of  primary  pebbles,  percolated  by  spring-water, 
charged  with  carbonate  of  lime  and  carbonic  acid  in  great  abundance. 
They  are  for  the  most  part  incrusted  with  calc-sinter ;  and  the 
rounded  blocks  of  gneiss,  which  have  all  the  outward  appearance  of 
solidity,  have  been  so  disintegrated  by  the  carbonic  acid  as  readily  to 
fall  to  pieces. 

The  subtraction  of  many  of  the  elements  of  rocks  by  the  solvent 
power  of  carbomc  acid,  ascending  both  in  a  gaseous  state  and  mixed 
with  spring-water  in  the  crevices  of  rocks,  must  be  one  of  the  most 
powerful  sources  of  those  internal  changes  and  re-arrangements  of 
particles  so  often  observed  in  strata  of  every  age.  The  calcareous 
matter,  for  example,  of  shells,  is  often  entirely  removed  and  replaced 
by  carbonate  of  iron,  pyrites,  silex,  or  some  other  ingredient,  such  as 

*  See  Lyell's  Travels  in  N.  America,  vol.  i  p.  150. 
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miiienl  waton  utuaUy  oontein  in  ■olutioii.  It  nrety  happen^ 
exoept  in  limeitone  roduy  that  the  carbonic  add  can  diMolTe  all  the 
conatitncnt  parts  of  the  man;  and  fiw  this  reaaonyprobaUj^cakareoiia 
rodkfl  are  idmost  the  only  ones  in  which  great  caverns  and  ioag 
winding  passages  are  found. 

PUroleum  springs. — Springs  of  which  the  waters  contain  a  miztore  j 
of  petrolenniy  and  the  varioas  minerals  allied  to  it,  as  bitomeny  j 
naphtha,  asphaltnm,  and  pitch,  are  yery  numerous,  and  are,  in  many  ! 
easeo,  undoubtedly  connected  with  subterranean  fires,  which  raise  or  i 
suUime  the  more  subtle  parts  of  the  bituminous  matters  contained  in  ^ 
rodc8»  Many  springs  in  the  territory  of  Modena  and  Parma,  iu 
Italy,  produce  petrolenm  in  abundance;  but  the  most  powerful, 
perhaps,  yet  known,  are  those  on  the  Lrawadi,  in  the  fiurmaa  emigre. 
In  one  locality  there  are  said  to  be  520  weUs,  which  yield  annna^y 
400,000  hogsheads  of  petroleum.** 

FUeh  lake  of  Trinidad.— l^md  bitumen  is  seen  to  ooce  from  Hm 
bottom  of  the  sea,  on  both  sides  of  the  isUnd  of  Trinidad,  and  to 
rise  up  to  the  surfkce  of  the  water.  Near  Cape  La  Braye  there  ia  a  ;| 
vortex  which,  in  stormy  weather,  according  to  Captain  Mallei^  |j 
gushes  out,  raising  the  water  five  or  six  feet,  and  covers  the  anr&oa 
for  a  considerable  space  with  petroleum,  or  tar ;  and  the  same  author 
quotes  Gumilla,  as  stating,  in  his  ''Description  of  the  Orinoco,"  that 
about  seventy  years  ago,  a  spot  of  land  on  the  western  coast  of 
Trinidad,  \iear  half-way  between  the  capital  and  an  Indian  village, 
sank  suddenly,  and  was  immediately  replaced  by  a  small  lake  of 
pitch,  to  the  great  terror  of  the  inhabitants.! 

It  is  probable  that  the  great  pitch  lake  of  Trinidad  owes  its  origin 
to  a  similar  cause  ;  and  Dr.  Nugent  has  justly  remarked,  that  in  that 
district  all  the  circumstances  are  now  combined  from  which  deposits 
of  pitch  may  have  originated.  The  Orinoco  has  for  ages  been  rolling 
down  great  quantities  of  woody  and  vegetable  bodies  into  the  sur- 
rounding sea,  where,  by  the  influence  of  currents  and  eddies,  they 
may  be  arrested  and  accumulated  in  particular  places.  The  frequent 
occurrence  of  earthquakes  and  other  indications  of  volcanic  action  in 
those  parts  lend  countenance  to  the  opinion,  that  these  vegetable 
substances  may  have  undergone,  by  the  agency  of  subterranean  fire^ 
those  transformations  and  chemical  changes  which  produce  petrolenm; 
and  this  may,  by  the  same  causes,  be  forced  up  to  the  surface,  where^ 
by  exposure  to  the  air,  it  becomes  inspissated,  and  forms  the  different 
varieties  of  pure  and  earthy  pitch,  or  asphaltum,  so  abundant  in  the 
island.} 

It  may  be  stated  generally,  that  a  large  portion  of  tfle  finer  partidei 
and  the  more  crystalline  substances,  found  in  sedimentary  rocks  of 
different  ages,  are  composed  of  the  same  elements  as  are  now  held  in 
solution  by  springs,  while  the  coarser  materiab  bear  an  equally  strong 
resemblance  to  the  pebbles  and  sedimentary  matter  carried  down  by 

•  Syraws   Embofsy  to  Ara,  toI.  ii.        f  ^'  Nugent,    QcoL    Trans,   vol.  L 
Giol.  Trans,  second  series,  toL  ii  part  ill.    p.  69. 
p.  388.  \  Ibid.  p.  67. 
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torrents  and  rivers.  It  should  also  be  remembered,  that  it  is  not  only 
daring  inundations,  when  the  muddy  sediment  is  apparent,  that  rivers 
are  busy  in  conveying  solid  matter  to  the  sea,  but  that  even  when 
their  waters  are  perfectly  transparent,  they  are  annually  bearing 
along  vast  masses  of  carbon,  lime,  and  silica  to  the  ocean. 


CHAP.  XVII. 

REPRODUCTIVE   EFFECTS  OF   RIVERS. 

Lake  deltas — Growth  of  the  delta  of  the  Upper  Rhine  in  the  Lake  of  Geneva — 
Computation  of  the  age  of  deltas — Recent  deposits  in  Lake  Superior — Deltas 
of  inland  seas — Course  of  the  Po — Artificial  embankments  of  the  Po  and  Adige 
--Delta  of  the  Po,  and  other  rivers  entering  the  Adriatic — Rapid  conversion  of 
that  gulf  into  land  — Mineral  characters  of  the  new  deposits — Marine  delta  of 
the  Rhone — Various  proofs  of  its  increase — Stony  nature  of  its  deposits — Coast 
of  Aaa  Minor — Delta  of  the  Nile. 

DELTAS  IN  LAKES. 

I  HATE  already  spoken  in  the  14th  chapter  of  the  action  of  running 
vater,  and  of  the  denuding  power  of  rivers,  but  we  can  only  form  a 
just  conception  of  the  excavating  and  removing  force  exerted  by  such 
bodies  of  water,  when  we  have  the  advantage  of  examining  the  repro- 
dnctive  effects  of  the  same  agents :  in  other  words,  of  beholding  in  a 
palpable  form  the  aggregate  amount  of  matter,  which  they  have  thrown 
down  at  certain  points  in  their  alluvial  plains,  or  in  the  basins  of  lakes 
and  seas.  Yet  it  will  appear,  when  we  consider  the  action  of  currents, 
that  the  growth  of  deltas  affords  a  very  inadequate  standard  by  which 
to  measure  the  entire  carrying  power  of  running  water,  since  a  con- 
aiderable  portion  of  fluviatile  sediment  is  swept  far  out  to  sea. 

Deltas  may  be  divided  into,  first,  those  which  are  formed  in  lakes ; 
secondlj,  those  in  inland  seas,  where  the  tides  are  almost  imper- 
ceptible ;  and,  thirdly,  those  on  the  borders  of  the  ocean.  The  most 
characteristic  distinction  between  the  lacustrine  and  marine  deltas 
consists  in  the  nature  of  the  organic  remains  which  become  imbedded 
in  their  deposits  ;  for,  in  the  case  of  a  lake,  it  is  obvious  that  these 
must  consist  exclusively  of  such  genera  of  animals  as  inhabit  the  land 
or  the  waters  of  a  river  or  lake  ;  whereas,  in  the  other  case,  there  will 
be  an  admixture,  and  most  frequently  a  predominance,  of  animals 
which  inhabit  salt  water.  In  regard,  however,  to  the  distribution  of 
inorganic  matter,  the  deposits  of  lakes  and  seas  are  formed  under  very 
analogous  circumstances. 

Lake  of  Geneva, — Lakes  exemplify  the  first  reproductive  opera- 
tions in  which  rivers  are  engaged  when  they  convey  the  detritus  of 
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rocki  and  the  ingredientB  of  mineral  springs  from  moan 
regions.    The  accession  of  new  land  at  the  mouth  of  the  Rhone,  at 
upper  end  of  the  Lake  of  Geneva,  or  the  Leman  Lake,  presents 
with  an  example  of  a  considerahle  thickness  of  strata  which 
accomnlated  nnce  the  historical  era.    This  sheet  of  water  is 
thirtj-seven  miles  long^  and  its  hreadth  is  from  two  to  eight 
The  shape  of  the  hottom  is  veiy  irregular,  the  depth  having 
found  hj  late  measurements  to  vary  from  20  to  160  fathoms.* 
Rhone,  where  it  enters  at  the  upper  end,  is  turbid  and  discolo 
but  its  waters,  where  it  issues  at  the  town  of  Geneva,  are  beautifi 
clear  and  transparent.    An  ancient  town,  called  Port  Vallais  (F 
Valesisd  of  the  Romans),  once  situated  at  the  water^s  edge,  at 
upper  end,  is  now  more  than  a  mile  and  a  half  inland — this  ini 
vening  alluvial  tract  having  been  acquired  in  about  eight  cen 
Thb  remainder  of  the  delta  consists  of  a  flat  alluvial  plain,  about 
<Nr  six  miles  in  length,  composed  of  sand  and  mud,  a  little 
above  the  level  of  the  river,  and  full  of  marshes. 

Sir  Henry  De  la  Beche  found,  after  numerous  soundings  in 
parts  of  the  lake,  that  there  was  a  pretty  uniform  depth  of  from 
to  160  fathoms  throughout  the  central  region,  and  on  appi 
the  delta,  the  shallowing  of  the  bottom  began  to  be  very  sendble 
a  distance  of  about  a  mile  and  three  quarters  from  the  mouth  of  th 
Rhone ;  for  a  line  drawn  from  St.  Gingoulph  to  Vevey  gives  a  meai 
depth  of  somewhat  less  than  600  feet,  and  from  that  part  to  th 
Rhone,  the  fluviatile  mod  is  always  found  along  the  bottom.f  W 
may  state,  therefore,  that  the  new  strata  annually  produced  are  throwi 
down  upon  a  slope  about  two  miles  in  length ;  so  that,  notwithstand 
ing  the  great  depth  of  the  lake,  the  new  deposits  are  inclined  at  I 
slight  an  angle,  that  the  dip  of  the  beds  would  be  termed,  in  ordinar 
geological  language,  horizontal. 

The  strata  probably  consist  of  alternations  of  finer  and  coarsi 
particles ;  for,  during  the  hotter  months  from  April  to  August,  whe 
the  snows  melt,  the  volume  and  velocity  of  the  river  are  greates 
and  large  quantities  of  sand,  mud,  vegetable  matter,  and  drift-woe 
are  introduced;  but,  during  the  rest  of  the  year,  the  influx  ; 
comparatively  feeble,  so  much  so,  that  the  whole  lake,  according  1 
Saussure,  stands  six  feet  lower.  If,  then,  we  could  obtain  a  sectifl 
of  the  accumulation  formed  in  the  last  eight  centuries,  we  should  ai 
a  great  series  of  strata,  probably  from  600  to  900  feet  thick  (d 
supposed  original  depth  of  the  head  of  the  lake),  and  nearly  ti 
miles  in  length,  inclined  at  a  very  slight  angle.  In  the  mean  time^ 
great  number  of  smaller  deltas  are  growing  around  the  borders  of  tl 
lake,  at  the  mouths  of  rapid  torrents,  which  pour  in  large  masses 
sand  and  pebbles.  The  body  of  water  in  these  torrents  is  too  snu 
to  enable  them  to  spread  out  the  transported  matter  over  so  extend' 
an  area  as  the  Rhone  does.     Thus,  for  example,  there  is  \  depth 

•  I>elaBoche.Ed.Phil.Joum.voLiL        f  DeUBechcMS 
p.  107.  Jan.  1820.  t  ^^^ 
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eighty  fathoms  within  half  a  mile  of  the  shore,  immediately  opposite 
tlie  great  torrent  which  enters  east  of  Ripaille,  so  that  the  dip  of  the 
strata  in  that  minor  delta  must  be  about  four  times  as  great  as  those 
deposited  by  the  main  river  at  the  upper  extremity  of  the  lake.* 

Chronological  computations  of  the  age  of  deltas, — The  capacity 
of  this  basin  being  now  ascertained,  it  would  be  an  interesting  subject 
of  inquiry,  to  determine  in  what  number  of  years  the  Leman  Lake 
will  be  converted  into  dry  land.     It  would  not  be  very  difficult  to 
obtain  the  elements  for  such  a  calculation,  so  as  to  approximate  at 
least  to  the  quantity  of  time  required  for  the  accomplishment  of  the 
result     The  number  of  cubic  feet  of  water  annually  discharged  by 
the  river  into  the  lake  being  estimated,  experiments  might  be  made 
in  the  winter  and  summer  months,  to  determine  the  proportion  of 
nutter  held  in  suspension  or  in  chemical  solution  by  the  Rhone.     It 
would  be  also  necessary  to  allow  for  the  heavier  matter  drifted  along 
at  the  bottom,  which  might  be  estimated  on  hydrostatical  principles, 
when  the  average  size  of  the  gravel  and  the  volume  and  velocity  of 
the  stream  at  different  seasons  were  known.     Supposing  all  these 
observations  to  have  been  made,  it  would  be  more  easy  to  calculate 
the  future  than  the  former  progress  of  the  delta,  because  it  would  be 
a  laborious  task   to   ascertain,   with  any  degree  of  precision,   the 
original  depth  and  extent  of  that  part  of  the  lake  which  is  already 
filled  up.     Even  if  this  information  were  actually  obtained  by  borings, 
it  would  only  enable  us  to  approximate  within  a  certain  number  of 
centuries  to  the  time  when  the  Rhone  began  to  form  its  present 
delta ;  but  this  would  not  give  us  the  date  of  the  origin  of  the  Leman 
Lake  in  its  present  form,  because  the  river  may  have  flowed  into  it 
for  thousands  of  years,  without  importing  any  sediment  whatever. 
Such  would  have  been  the  case,  if  the  waters  had  first  passed  through 
a  chain  of  upper  lakes ;  and  that  this  was  actually  the  fact,  seems 
indicated  by  the  course  of  the  Rhone  between  Martigny  and  the  Lake 
of  Greneva,  and,  still  more  decidedly,  by  the  channels  of  many  of  its 
principal  feeders. 

If  we  ascend,  for  example,  the  valley  through  which  the  Dranse 
flows,  we  find  that  it  consists  of  a  succession  of  basins,  one  above  the 
other,  in  each  of  which  there  is  a  wide  expanse  of  fiat  alluvial  lands, 
separated  from  the  next  basin  by  a  rocky  gorge,  once  perhaps  the 
barrier  of  a  lake.  The  river  seems  to  have  filled  these  lakes,  one 
after  the  other,  and  to  have  partially  cut  through  the  barriers,  some 
of  which  it  is  still  gradually  eroding  to  a  greater  depth.  Before, 
therefore,  we  can  pretend  even  to  hazard  a  conjecture  as  to  the  era 
at  which  the  principal  delta  of  Lake  Leman  or  any  other  delta  com- 
menced, we  must  be  thoroughly  acquainted  with  the  geographical 
features  and  geological  history  of  the  whole  system  of  higher  valleys 
which  communicate  with  the  main  stream,  and  all  the  changes  which 
they  have  undergone  since  the  last  series  of  convulsions  which  agitated 
and  altered  the  face  of  the  country. 

Lake  Superior, — Lake  Superior  is  the  largest  body  of  fresh  water 

•  De  la  Beche,  MS. 
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in  the  world,  being  above  1700  geographical  miles  in  circumferenoe 
when  we  follow  the  sinuosities  of  its  coasts,  and  its  length,  on  a  ciinred 
line  drawn  through  its  centre,  being  more  than  400,  and  its  extreme 
breadth  above  15Q  geographical  miles.     Its  surface  is  nearly  as  large 
as  the  whole  of  England.     Its  average  depth  varies  from  80  to  150 
fathoms ;  but,  according  to  Captain  Bayfield,  there  is  reason  to  think 
that  its  greatest  depth  would  not  be  overrated  at  200  fathoms*  so 
that  its  bottom  is,  in  some  parts,  nearly  600  feet  below  the  level  of 
the  Atlantic,  its  surface  being  about  as  much  above  it     There  are 
appearances  in  different  parts  of  this,  as  of  the  other  Canadian  lake% 
leading  us  to  infer  that  its  waters  formerly  occupied  a  higher  level 
than  they  reach  at  present ;  for  at  a  considerable  distance  from  the 
present  shores,  parallel  lines  of  rolled  stones  and  shells  are  seen  rising 
one  above  the  other,  like  the  seats  of  an  amphitheatre.     These  ancient 
lines  of  shingle  are  exactly  similar  to  the  present  beaches  in  most 
bays,  and  they  often  attain  an  elevation  of  40  or-^O  feet  above  the 
present  level.     As  the  heaviest  gales  of  wind  do  not  raise  the  waters 
more  than  three  or  four  feet,  the  elevated  beaches  have  by  some 
been  referred  to  the  subsidence  of  the  lake  at  former  periods,  in  con- 
sequence of  the  wearing  down  of  its  barrier,  by  others  to  the  uprais* 
ing  of  the  shores  by  earthquakes,  like  those  which  have  produced 
simihir  phenomena  on  the  coast  of  Cliili. 

The  streams  which  discharge  their  waters  into  Lake  Superior  are 
several  hundred  in  number,  without  reckoning  those  of  smaller  size; 
and  the  quantity  of  water  su]>j)lied  by  them  is  many  times  greater 
than  that  discharged  at  tlie  Falls  of  St.  Mary,  the  only  outlet.     The 
evaporation,  therefore,  is  very  great,  and  such  as  might  be  expected 
from  so  vast  an  extent  of  surface.     On  tlie  northern  side,  which  is 
encircled  by  primary   mountains,   the   rivers   sweep  in   many  large 
boulders  with  sinalh-r  gravel  and  sand,  chiefly  composed  of  granitic 
and   trap   rocks.     There  are  also  currents  in   the  lake    in    various 
directions,  caused  by  the  continued  prevalence  of  strong  winds,  and 
to  their  influence  we  may  attribute  tlie  ditfusion  of  liner  mud  far  and 
wide  over  great  areas;  for  by  numerous  soundings  made  during  Capt. 
BayGeld's  survey,  it  was  ascertained  that  the  bottom  consists  gene- 
rally of  a  very  adhesive  clay,  containing  shells  of  the  species  at  present 
existing  in  the  lake.     AVhen  exposed  to  the  air,  this  clay  immediately 
becomes  indurated  in  so  great  a  degree,  as  to  require  a  smart  blow  to 
break  it.     It  eifervesces  slightly  with  diluted  nitric  acid,  and  is  of 
difl^-rent  colours  in  different  parts  of  the  lake  ;   in  one  district  blue,  in 
another  red,  and  in  a  third  white,  hardening  into  a  substance  resem- 
bling pipeclay.*     From  these  statements,  tin;  geologist  will  not  fail 
to  remark  how  closely  these  recent  lacustrine  formations  in  America 
resemble  the  tertiary  argillaceous  and  calcareous  marls  of  lacustrine 
origin   in    Central  France.     In  both  cases  many  of  the  genera  of 
shells  most  abundant,  as  Limnea  and  Planorbis,  are  the  same  ;  and 
in   regard  to  other  classes  of  organic  remains    there   must   be  the 

•  Trans,  of  Lit.  uml  m.-t.  Soc.  of  Quebec,  vol  i.  p.  o,  \S'2'J, 
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closest  analogy,  as  I  shall  endeavour  more  fuDy  to  explain   when 
speakiog  of  the  imbedding  of  plants  and  animals  in  recent  deposits. 

DELTAS   OF  D^LAND   S£AS. 

Having  thus  briefly  considered  some  of  the  lacustrine  deltas  now 
in  progress^  we  may  next  turn  our  attention  to  those  of  inland  seas. 

Course  of  the  Po, — The  Po  affords  an  instructive  example  of  the 
manner  in  which  a  great  river  bears  down  to  the  sea  the  matter 
poured  into  it  by  a  multitude  of  tributaries  descending  from  lofty 
cludns  of  mountains.  The  changes  gradually  eflected  in  the  great 
plain  of  Northern  Italy,  since  the  time  of  the  Roman  republic,  are 
considerable.  Extensive  lakes  and  marshes  have  been  gradually 
^ed  op,  as  those  near  Placentia,  Parma,  and  Cremona,  and  many 
luiTe  been  drained  naturally  by  the  deepening'  of  the  beds  of  rivers. 
I^eaerted  river-courses  are  not  unfrequent,  as  that  of  the  Serio 
Morto,  which  foriierly  fell  into  the  Adda,  in  Lombardy.  The  Po 
*bo  itself  has  often  deviated  from  its  course,  having  after  the  year 
139(\  deserted  part  of  the  territory  of  Cremona,  and  invaded  that 
of  Parma;  its  old  channel  being  still  recognisable,  and  bearing  tho 
JMune  of  Po  Morto.  There  is  also  an  old  channel  of  the  Po  in  the 
territory  of  Parma,  called  Po  Vecchio,  which  was  abandoned  in  the 
twelfth  century,  when  a  great  number  of  towns  were  destroyed. 

Artificial  embankments  of  Italian  rivers,  —  To  check  these  and 

similar  aberrations,   a  general  system   of    embankment    has  been 

^opted;  and  the  Po,  Adige,  and  almost  all  their  tributaries,  are 

now  confined  between  high  artificial  banks.     The  increased  velocity 

aoquired  by  streams  thus  closed  in,  enables  them  to  convey  a  much 

iaiger  portion  of  foreign  matter  to  the  sea ;  and,  consequently,  the 

deltas  of  the  Po  and  Adige  have  gained  far  more  rapidly  on  the 

Adriatic  since  the  practice  of  embankment  became  almost  universal. 

But,  although  more  sediment  is  borne  to  the  sea,  part  of  the  sand 

and  mud,  which  in  the  natural  state  of  things  would  be  spread  out 

by  annual  inundations  over  the  plain,  now  subsides  in  the  bottom 

of  the  river-channels  ;  and  their  capacity  being  thereby  diminished,  it 

is  necessary,  in  order  to  prevent  inundations  in  the  following  spring, 

to  extract  matter  from  the  bed,  and  to  add  it  to  the  banks  of  the 

river.     Hence  it  happens  that  these  streams  now  traverse  the  plain 

on  the  top  of  high  mounds,  like  the  waters  of  aqueducts,  and  at 

Ferrara  the  surface  of  the  Po  has  become  more  elevated  than  the 

roofs  of  the  houses.*     The  magnitude  of  these  barriers  is  a  subject 

of  increasing  expense  and  anxiety,  it  having  been  sometimes  found 

necessary  to  give  an  additional  height  of  nearly  one  foot  to  the  banks 

of  the  Adige  and  Po  in  a  single  season. 

The  practice  of  embankment  was  adopted  on  some  of  the  Italian 
rivers  as  early  as  the  thirteenth  century;  and  Dante,  writing  in  the 
beginning  of  the  fourteenth,  describes,  in  the  seventh  circle  of  hell, 

*  Prony,  see  Cavier,  Disc.  Prelim,  p.  146. 


2j6  deltas  of  the  fo  and  adige.        [Gb. 

a  rivulet  of  tears  separated  from  a  burning  sandy  desert  by  embanl^* 
ments  "  like  those  which,  between  Ghent  and  Bruges,  were  rai»^ 
against  the  ocean,  or  those  which  the  Paduans  had  erected  aXooB 
the  Brenta  to  defend  their  villas  on  the  melting  of  the  Alpin* 


snows." 


Quale  i  Fiamminghi  tra  Guzzante  e  Brn^rgia, 
Temcndo  il  iiotto  chc  in  vcr  lor  P*av>-cnta, 
Fanno  lo  schcrmo,  percht^  11  mar  si  fu<:gia, 
K  qnale  i  Padovan  lungo  la  Brenta, 
Per  difcndcr  lor  ville  e  lor  castelli, 
Anzi  chc  Chiarentana  il  caldo  scnta — 

Inferno^  Canto  xv. 

In  the  Adriatic,  from  the  northern  part  of  the  Gulf  of  Trieste^ 
where  the  Isonzo  enters,  down  to  the  south  of  Ravenna,  there  is  aa 
uninterrupted  series  of  recent  accessions  of  land,  more  than  100 
miles  in  length,  which  within  the  last  2000  years  have  increased  from 
two  to  twenty  miles  in  breadth,  A  line  of  sand  bars  of  great  length 
has  been  formed  nearly  all  along  the  western  coast  of  this  gulf, 
inside  of  which  are  laguncs,  such  as  those  of  Venice,  and  the  large 
lagune  of  Comacchio,  20  miles  in  diameter.  Newly  deposited  mud 
brought  down  by  the  streams  is  continually  lessening  the  depth  of 
the  lagunes,  and  converting  part  of  them  into  meadows.*  The 
Isonzo,  Tagliamento,  Piavc,  Brenta,  Adige,  and  Po,  besides  many 
other  inferior  rivers,  contribute  to  this  advance  of  the  coast-line  and 
to  the  shallowing  of  the  lagunes  and  the  gulf. 

Delta  of  the  Po, — The  Po  and  the  Adige  may  now  be  considered 
as  entering  by  one  common  delta,  for  two  branches  of  the  Adige  are 
connected  with  arms  of  the  Po,  and  thus  the  princii)al  delta  has  betn 
pushed  out  beyond  those  burs  which  s<'parate  the  laguncs  fn>m  the 
sea.  Tiio  rate  of  the  advance  of  this  new  land  has  been  accelerate*!, 
as  before  stated,  since  the  system  of  embanking  the  rivers  became 
general,  especially  at  that  point  where  the  Po  and  Adige  cntiT.  The 
waters  are  no  longer  pernntted  to  spread  tlieini^elves  far  and  wide  over 
the  plains,  and  to  leave  behind  them  the  larger  portion  of  their 
sediment.  Mountain  torrents  also  have  become  more  turbid  sin«.'e 
the  clearing  away  of  forests,  wliieli  once  clothed  the  southern  flanks 
of  the  Alps.  It  is  calculated  that  the  mean  rate  of  advance  of  the 
delta  of  the  Po  cm  the  Adriatic  between  the  years  12(X)  and  16(X)  was 
25  yards  or  metres  a  year,  whereas  the  mean  annual  gain  from  1600 
to  1804  was  70  metrcs.f 

Adria  was  a  seaport  in  the  time  of  Augustus,  and  had,  in  ancient 
times,  given  its  name  to  the  gulf ;  it  is  now  about  twenty  Italian 
miles  inland.  Ravenna  was  also  a  seaport,  and  is  now  about  four 
miles  from  the  main  sea.  Yet  even  before  the  practice  of  embank- 
ment was  introduced,  the  alluvium,  of  the  Po  advanced  with  rapidity 
on  the  Adriatic;  for  Spina,  a  very  ancient  city,  originally  built  in 


*  St'c  Dc  IVauniont,  Gi'olf>^io  Prn-         f  l^^ny*   *^>tod   hy  CuvIit,    lM*ciH!r9 
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e  district  of  Ravenna,  at  the  mouth  of  a  great  arm  of  the  Fo,  was, 
early  as  the  commencement  of  our  era,  eleven  miles  distant  from 
'tlie  sea.* 

But  although  so  many  rivers  are  rapidly  converting  the  Adriatic 

^uto  land,  it  appears,  by  the  observations  of  M.  Morlot,  that  since  the 

time  of  the  Romans,  there  has  been  a  general  subsidence  of  the  coast 

and  bed  of  this  sea  in  the  same  region  to  the  amount  of  five  feet,  so  that 

the  advance  of  the  new-made  land  has  not  been  so  fast  as  it  would 

hare  been  had  the  level  of  the  coast  remained  unaltered.     The  signs 

of  a  much  greater  depression  anterior  to  the  historical  period  have 

ftlsobeen  brought  to  light  by  an  Artesian  well,  bored  in  1847,  to  the 

depth  of  more  than  400  feet,  which  still  failed  to  penetrate  through 

the  modem  fluviatile  deposit.     The  auger  passed  chiefly  through 

beds  of  sand  and  clay,  but  at  four  several  depths,  one  of  them  very 

near  the  bottom  of  the  excavation,  it  pierced  beds  of  turf,  or  ac- 

caiDQlations  of  vegetable   matter,  precisely  similar  to   those  now 

formed  superficially  on  the  extreme  borders  of  the  Adriatic.     Hence 

we  learn  that  a  considerable  area  of  what  was  once  land  has  sunk 

down  400  feet  in  the  course  of  ages,  f 

The  greatest  depth  of  the  Adriatic,  between  Dalmatia  and  the 
noaths  of  the  Po,  is  twenty-two  fathoms ;  but  a  large  part  of  the 
Gulf  of  Trieste   and   the   Adriatic,  opposite  Venice,  is  less   than 
twelve  fathoms  deep.     Farther  to  the  south,  where  it  is  less  affected 
bj  the  influx  of  great  rivers,  the  gulf  deepens  considerably.     Donati, 
»fter  dredging  the  bottom,  discovered  the  new  deposits  to   consist 
partly  of  mud    and   partly   of   rock,   the    rock   being    formed   of 
calcareous    matter,    incrusting    shells.     He    also    ascertained,   that 
particular  species  of   testacea   were   grouped   together  in   certain 
places,  and  were  becoming  slowly  incorporated  with  the  mud  or 
calcareous  precipitates.^:     Olivi,  also,  found  some  deposits  of  sand, 
and  others  of  mud,  extending   half  way  across  the  gulf;   and   he 
states    that    their    distribution    along    the    bottom    was    evidently 
determined  by  the  prevailing  current.§     It  is  probable,  therefore, 
that  the  finer  sediment  of  all  the  rivers  at  the  head  of  the  Adriatic 
may  be  intermingled  by  the  influence  of  the  current ;  and  all  the 
central  parts  of  the  gulf  may  be  considered  as  slowly  filling  up 
with  horizontal  deposits,  similar  to  those  of  the  Subapennine  hills, 
and  containing  many  of  the  same  species  of  shells.     The  Po  merely 
introduces  at  present  fine  sand  and  mud,  for  it  carries  no  pebbles 
farther  than  the  spot  where  it  joins  the  Trebia,  west  of  Piacenza. 
Near  the  northern  borders  of  the  basin,,  the  Isonzo,  Tagliamento, 
and  many  other  streams,  are  forming  immense  beds  of  sand  and 
some  conglomerate ;  for  here  some  high  mountains  of  Alpine  lime- 
stone approach  within  a  few  miles  of  the  sea. 

lo  the  time  of  the  Romans,  the  hot-baths  of  Monfalcone  were  on 

♦  Broccbi,  Conch.  Foss.  Subap.  vol         }  Brocchi,  Conch.  Fobs.  Subap.  voL  i. 
LpwllS.  p.  39. 

t  Archiac,  Histoire  dcs  Progres  de  la        §  Ibid.  vol.  ii.  p.  94. 
GeoL  1848,  vol  il  p.  232. 
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one  of  teronl  idands  cS  Alpine  limestone,  between  wUch  and 
mainlMHl,  oH  the  north,  was  a  channel  of  the  sea,  abont  n 
Inoad.    This  channel  is  now  conTcrted  into  a  grassy  ^ain, 
aoRoonds  the  islands  on  all  sides.    Among  the  nomerooa 
on  this  coast,  we  find  that  the  present  channel  of  the  Imiao 
sereral  miles  to  the  west  of  its  andent  hed^  in  part  of  wUeh^ 
Boochi,  the  old  Boaum  bridge  which  crossed  the  Via  Apfia 
latdj  found  buried  in  fluTiatile  silt. 

Marime  delta  qfike  Rkame.—ThB  lacustrine  delta  of  the 
Switnriand  has  already  been  considered  (p.251.)^  itscou 
BMrine  delta  may  now  be  described.    Scarcely  has  the  river 
out  of  the  Lake  of  GencTa  before  its  pure  waters  are  again  UDei 

sand  and  sediment  by  the  impetuous  Anre^  descending  £rom  the 
Alps,  and  bearing  along  in  its  current  (he  granitic  detrftoa 
iHougfat  down  by  the  glaciers  of  Mont  Blanc.    TheBhone 
reoeiTes  Tsst  contributions  of  transported  matter  from  the  Al|||, 
Daophiny,  and  the  primary  and  Tolcanic  mountains  of  Central  ~ 
and  when  at  length  it  enters  the  Mediterranean,  it  disoohmra  the 
waters  <^  that  sea  with  a  whitish  sediment,  for  tiie  distanoe  of 
six  and  seren  milei^  throughout  which  space  the  cunrent  of 
water  is  perceptible. 

Strabo*8  description  of  the  delta  is  so  inapplicable  to  its 
configuration,  as  to  attest  a  complete  alteration  in  the  physical  fta- 
tures  of  the  country  since  the  Augustan  age.  It  appears,  howem^ 
that  the  head  of  the  delta,  or  the  point  at  which  it  b^ns  to  ramify^ 
has  remained  unaltered  since  the  time  of  Pliny,  for  he  states  that  ths 
Bhone  divided  itself  at  Aries  into  two  arms.  This  is  the  case  at 
present ;  one  of  the  branches,  the  western,  being  now  called  Le  Pettt 
Bhdne,  which  is  again  subdivided  before  entering  the  MediterraneaBi 
The  advance  of  the  base  of  the  delta,  in  the  last  eighteen  centuries 
is  demonstrated  by  many  curious  antiquarian  monuments.  The  most 
striking  of  these  is  the  great  and  unnatural  ddtour  of  the  old  Bomsn 
road  from  Ugemum  to  Beziers  (Baterra)  which  went  round  by  NisBNS 
(Nemausus).  It  is  clear  that,  when  this  was  first  constructed,  it  was 
impossible  to  pass  in  a  direct  line,  as  now,  across  the  delta,  and  tiisl 
either  the  sea  or  marshes  intervened  in  a  tract  now  consisUng  of 
terra  firma.*  Astruc  also  remarks,  that  all  the  places  on  low 
lands,  lying  to  the  north  of  the  old  Roman  road  between  Nismes  sil 
Besiers,  have  names  of  Celtic  origin,  evidently  given  to  them  by  tis 
first  inhabitants  of  the  country ;  whereas,  the  places  lying  south  sf 
that  road,  towards  the  sea,  have  names  of  Latin  derivation,  and 
clearly  founded  after  the  Roman  language  had  been  introduced. 

Another  proof,  also,  of  the  great  extent  of  land  which  has 
into  existence  since  the  Romans  conquered  and  colonised  Gaul^  k 
derived  from  the  fact,  that  the  Ronum  writers  never  mention  As 
thermal  waters  of  Balaruc  in  the  delta,  althoagh  they  were  wdl 
acquainted  with  those  of  Aix,  and  others  still  more  distant,  ail 
attached  great  importance  to  them,  as  they  invariably  did  to  all  hSl 

•  Mem.  d*Astnic,  cited  by  Von  Hoff;  rol  I  p.  S88. 
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.  The  waters  of  Balaruc,  therefore,  must  have  formerly  issued 
he  sea  —  a  common  phenomenon  on  the  borders  of  the  Medi- 
an ;  and  on  the  advance  of  the  delta  thej  continued  to  flow 
ough  the  new  deposits. 

ng  the  more  direct  proofs  of  the  increase  of  land,  we  find  that 
[escribed  under  the  appellation  of  Mesua  Collis  bj  Fomponius 
and  stated  bj  him  to  be  nearly  an  island,  is  now  far  inland. 
Dame  des  Ports,  also,  was  a  harbour  in  898,  but  is  now  a 
from  the  shore.  Psalmodi  was  an  island  in  816,  and  is  now 
gues  from  the  sea.  Several  old  lines  of  towers  and  sea-marks 
t  different  distances  from  the  present  coast,  all  indicating  the 
ive  retreat  of  the  sea,  for  each  line  has  in  its  turn  become  use- 
mariners  ;  which  may  well  be  conceived,  when  we  state  that 
urer  of  Tignaux,  erected  on  the  shore  so  late  as  the  year  1737, 
dj  a  mile  remote  from  it«f 

tie  confluence  of  the  Rhone  and  the  currents  of  the  Mediterra- 
riven  by  winds  from  the  south,  sand-bars  are  often  formed  across 
nths  of  the  river :  by  these  means  considerable  spaces  become 
I  off  from  the  sea,  and  subsequently  from  the  river  also,  when  it 
ts  channels  of  efflux.  As  Ame  of  these  lagoons  are  subject  to 
asional  ingress  of  the  river  when  flooded,  and  of  the  sea  during 

they  are  alternately  salt  and  fresh.  Others,  after  being  filled 
lit  water,  are  often  lowered  by  evaporation  till  they  become 
alt  than  the  sea;  and  it  has  happened,  occasionally,  that  a 
arable  precipitate  of  muriate  of  soda  has  taken  place  in  these 
I  salterns.  During  the  latter  part  of  Napoleon*s  career,  when 
rise  laws  were  enforced  with  extreme  rigour,  the  police  was 
^ed  to  prevent  such  salt  from  being  used.  The  fluviatile  and 
1  shells  enclosed  in  these  small  lakes  often  live  together  in  brack- 
ier;  but  l4ie  uncongenial  nature  of  the  fluid  usually  produces  a 
ih  size,  and  sometimes  gives  rise  to  strange  varieties  in  form 
tour. 

tain  Smyth,  in  his  survey  of  the  coast  of  the  Mediterranean, 
ihe  sea,  opposite  the  mouth  of  the  Rhone,  to  deepen  gradually 
bur  to  forty  fathoms,  within  a  distance  of  six  or  seven  miles, 
rbich  the  discoloured  fresh  water  extends ;  so  that  the  in- 
m  of  the  new  deposits  must  be  too  slight  to  be  appreciable  in 
1  extent  of  section  as  a  geologist  usually  obtains  in  examining 
t  formations.  When  the  wind  blew  from  the  south-west,  the 
employed  in  the  survey  were  obliged  to  quit  their  moorings ; 
len  they  returned,  the  new  sand-banks  in  the  delta  were  found 
d  over  with  a  great  abundance  of  marine  shells.     By  this 

we  learn  how  occasional  beds  of  drifted  marine  shells  may 
3  interstratified  with  freshwater  strata  at  a  river's  mouth. 
ly  nature  of  Us  deposits, — That  a  great  proportion,  at  least, 
new  deposit  in  the  delta  of  the  Rhone  consists  of  rock,  and  not 

>.  ii.  c.  T. 

Dche,  Chorographic  et  Hist,  dc  Provence,  vol.i.  p.  23.,  cited  by  VonHoff, 

w  290. 
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of  loose  incoherent  m«itter,  13  perfectly  ascertained.  In  the  Museni 
at  Montpelier  is  a  cannon  taken  up  from  the  sea  near  the  mouth  c 
the  river,  imhedded  in  a  crystalline  calcareous  rock.  Large  massa 
also,  are  continually  taken  up  of  an  arenaceous  rock,  cemented  b^ 
calcareous  matter  including  multitudes  of  broken  shells  of  recen 
species.  The  observations  lately  made  on  this  subject  corrobonli 
the  former  statement  of  Marsilli,  that  the  earthy  deposits  of  the  comI 
of  Languedoc  form  a  stony  substance,  for  which  reason  he  ascribes  a 
certain  bituminous,  saline,  and  glutinous  nature  to  the  substaneei 
brought  down  with  sand  by  the  Rhone.*  If  the  number  of  minenl 
springs  ciiarged  with  carbonate  of  lime  whieii  fall  into  the  Rhone 
and  its  feeders  in  different  parts  of  France  be  considtTed,  we  shal 
feel  no  surprise  at  the  lapiditication  of  tiie  newly  dejmsited  sedimeiil 
in  this  delta.  It  should  be  remembenHl,  that  tlit*  fresh  water  in- 
troduced by  rivers  IxMng  lighter  than  the  wat«T  of  the  sea  floats  otw 
the  latter,  and  remains  upon  the  surface  for  a  con>iderabIe  distaDCCi 
Consequently  it  is  exposed  to  as  much  evaporation  as  the  waters  of 
a  lake ;  and  the  area  over  which  the  river-watt-r  is  spread,  at  the 
junction  of  great  rivers  and  the  sea,  may  well  be  compared,  in  point  of 
extent,  to  that  of  considerable  hikA. 

Now,  it  is  well  known,  that  so  great  is  the  quantity  of  water  carried 
otf  by  evaporation  in  s«>me  lakes,  that  it  is  neirly  t«]'.:al  t«.i  the  water 
llowing  in  ;  and  in  some  inlan^l  s?a*,  ::s  liir  l'a^:ijn.  it  is  tjuiia 
iqiial.  We  may,  ihoreton*.  wvll  sui'p  so  x!i:it.  i:i  i.-.i-if-s  wh-r-*  t 
sironji  ourrv-nt  d«^os  not  inttTfero.  tli-.^  'jr-wter  :«^r!:.:i  11::  .  niv  of  liie 
matter  IkU  m'vhanically  in  suspn?i.:\  bii:  or*  i':.\:  a>.«  wlii.';.  i?  in 
ohemieal  solution,  iwwy  bo  |>r  cipitat-  1  :.t  ::-»  jr  :\:  ■■.I'ir.in  -  j'r-m  :'i? 
shore.  W'nen  th-  se  tiner  i^jr^-di-  p.is  arr  txir'.::.-  Iv  sc^.:;'.-  ir.  •:  :an:itT, 
tliev  mavonlv  sutRv*-- 1  •  siiviv  or;;^ti«''.vus  a:.::r.  .N,  0.  r..!s,  ::-. :  ra.rise 
p'.anrs,  with  tlie  ^arihy  jv.r::.:*.fS  nv-??:ry  :  r  :";.  ir»-  -^::-  -.s;  but 
whe:i»»vcr  it  is  in  ex  ■.  <s  .;<  j-  p.-  raliv  l:.r. :- :  <  i:  :!••  1  -■::  .  f  a  riv'f 
lie  p.irt'.y  is;  a  <:is:r:.'t  •  :  u^-:iv..^  .  r  ixt!:. .:  v.  !  -.iT-v.^  ,  :".- ::  »:.!  «..iiii 
iie;v>i:s  bt   :.rii2v.:,  ar.  i  t:.-.-  >..--..s  wi..  ;.:   ^ ::.-:•    .-•   ir.  ..^iv-:  :-  1 

i\\:sr  rr'  As  :  }fy  -.  —  K\  .r.-v'.-s  t  r"  :1  ■*  r.  :v  :r.    ■     f  :;:^  lar.  i  ur»on 
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CaXVILj  DELTA  OF   THE  NILE.  2G1 

glofflerates :  every  delta  and  sand-bar  thus  acquires  solidity,  which 
often  prevents  streams  from  forcing  their  way  through  them,  so  that 
tbeir  mouths  are  constantly  changing  their  position.* 

Delta  of  the  iVif/«.— That  Egypt  was  "the  gift  of  the  Nile,"  was 
the  opinion  of  her  priests  before  the  time  of  Herodotus ;  and  Bennell 
oioerves,  that  the  "  configuration  and  composition  of  the  low  lands 
Iet?e  no  room  for  doubt  that  the  sea  once  washed  the  base  of  the 
rocks  on  which  tlie  pyramids  of  Memphis  stand,  the  present  base  of 
which  is  washed  by  the  inundation  of  the  Nile,  -at  an  elevation 
of  70  or  80  feet  above  the  Mediterranean.     But  when  we  attempt 
to  carry  back  our  ideas  to  the  remote  period  when  the  foundation  of 
tke  delta  was  first  laid,  we  are  lost  in  the  contemplation  of  so  vast 
tainterval  of  time.^f     Herodotus  observes,  *'  that  the  country  round 
Memphis  seemed  formerly  to  have  been  an  arm  of  the  sea  gradually 
filled  by  the  Nile,  in  the  same  manner  as  the  Meander,  Achelous,  and 
other  streams,  had  formed  deltas.     Egypt,  therefore,  he  says,  like  the 
Sed  Sea,  was  once  a  long  narrow  bay,  and  both  gulfs  were  separated 
hy  a  small  neck  of  land.     If  the  Nile,  he  adds,  should  by  any  means 
have  an  issue  into  the  Arabian  Gulf,  it  might  choke  it  up  with  earth 
in  20,000  or  even,  perhaps,  in  10,000  years ;  and  why  may  not  the 
Kile  have  filled  a  still  greater  gulf  with  mud  in  the  space  of  time 
which  has  passed  before  our  age  ?'*( 

The  distance  between  Memphis  and  the  most  prominent  pai*t  of  the 

Uta  in  a  straight  line  north  and  south,  is  about  100  geographical 

Utiles;  the  length  of  the  base  of  the  delta  is  more  than  200  miles  if 

We  follow  the  coast  between  the  ancient  extreme  eastern  and  western 

vnu;  but  as  these  are  now  blocked  up,  that  part  only  of  Lower 

£g7pt  which  intervenes  between  the  Rosetta  and  Damietta  branches, 

tt  UBoally  called  the  delta,   the  coast  line  of  which  is  about  90 

Briles  in  length.     The  bed  of  the  river  itself,  says  Sir  J.  G.  Wil- 

ionson,  undergoes  a  gradual  increase  of  elevation  varying  in  different 

places,  and  always  lessening  in  proportion  as  the  river  approaches 

the  sea.     ''This  increase  of  elevation  in  perpendicular  height  is 

BQch  smaller  in  Lower  than  in  Upper  Egypt,  and  in  the  delta  it 

fiminishes  still  more  ;  so  that,  according  to  an  approximate  calculation, 

the  land  about  Elephantine,  or  the  first  cataract,  lat.  24°  5',  has  been 

nused  nine  feet  in  1700  years ;  at  Thebes,  lat.  26^  43',  about  seven 

bet;  and  at  Heliopolis  and  Cairo,  lat.  30°,  about  1X\q  feet  ten  inches. 

it  Rosetta  and  the  mouths  of  the  Nile,  lat.  31°  30',  the  diminution 

a  the  perpendicular  thickness  of  the  deposit  is  lessened  in  a  much 

(Fetter  decreasing  ratio  than  in  the  straightened  valley  of  Central 

od  Upper  Egypt,  owing  to  the  great  extent,  east  and  west,  over 

rhich  the  inundation  spreads."  § 

For  this  reason  the  alluvial  deposit  does  not  cause  the  delta  to 

♦  Karamania,  or  a  brief  Description        |  Eatcrpc,  XI. 
^  the  Coast  of  Asia  Minor,  &c.  Loudon,        §  Journ.  of  Roy.  Gcograph.  Soc  toL 

117.  ix.  p.  432. 
I  Gcog.  Sjst.  of  Herod,  vol.  ii.  p.  107. 
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pcoCnida  mgUiy  into  tlie  teti  althougli  Mwie  ftncient  dAm  mn 
mils  or  more  iiilHid»  tiid  the  months  of  the  Nik,  mentioasd 
esriier  geognpher%  hsve  besn  msny  <rf  them  siited  ap^  end  As 
of  the  oosst  entirdj  ohsaged. 

The  hed  of  the  Nile  slwmjs  keeps  psee  with  the  general 
of  the  sdU,  sad  the  bsnkt  of  this  riTer,  like  those  <^  the 
sad  its  tribatsries  (see  p.  865.X  sre  moeh  higher  then  tiie  flst 
sS  s  distsacs^  so  thst  tiisj  sie  seldom  eorered  doring  the 
iimiidstioiis.    In  oooseqaenoe  of  the  gradusl  riss  of  the  rifet^ 
the  snnusl  flood  is  eonstsntlj  spresdiog  over  s  wider  sies»  sni 
sllnTisl  waSl  enerosches  on  the  desert,  covering,  to  the  depth  of 
seven  feet»  the  bsse  of  ststnes  snd  temples  which  the  wmteis 
resehed  9000  yesrs  sgo.    Although  the  sends  of  the  libysn 
hsve  in  some  pieces  been  drifted  into  the  vsllej  of  the  IRH 
diese  sggresrion%  says  Wilkinson,  sre  far  m<»e  than  eooni 
bjrthe  fertilising  eflbct  of  the  water  which  now  reaches  fertber 
towards  the  desert,  so  that  the  nnmber  of  square  miles  of 
is  greater  at  present  then  at  any  previous  period* 

3hd  ^  Iks  iVife. — On  comparing  the  different  analyses 
hare  been  published  of  this  mud,  it  will  be  found  that  it 
large  quantity  of  argiUaceous  matter,  with  much  peroxide  of 
some  carbonate  of  lime,  and  a  small  proportion  of  carbonate  of  wk 
nesia.  The  latest  and  most  careful  analysis  by  M.  Lassaigne  Ai 
a  singularly  close  resemblance  in  the  proportions  of  the  ingredie 
of  silica,  alumina,  iron,  carbon,  lime,  and  magnesia,  and  those  i 
served  in  ordinary  mica* ;  but  a  much  larger  quantity  of  cslcsra 
matter  is  sometimes  present 

In  many  places,  as  at  Cairo,  where  artificial  excavations  have  lN 
made,  or  where  the  river  has  undermined  its  banks,  the  mud  is  rt 
to  be  thinly  stratified,  the  upper  part  of  each  annual  layer  connsd 
of  earth  of  a  lighter  colour  than  the  lower,  and  the  whole  sepsrsll 
easily  from  the  deposit  of  the  succeeding  year.  These  annual  h| 
are  variable  in  thickness ;  but,  according  to  the  calculations  of  GMs 
and  Wilkinson,  the  mean  annual  thickness  of  a  layer  at  Cairo  osS 
exceed  that  of  a  sheet  of  thin  pasteboard,  and  a  stratum  of  twi 
three  feet  must  represent  the  accumulation  of  a  thousand  years. 

The  depth  of  the  Mediterranean  is  about  twelve  fathoms  s 
small  distance  from  the  shore  of  the  delta ;  it  afterwards  increi 
gradually  to  50,  and  then  suddenly  descends  to  380  fathoms,  wl 
is,  perhaps,  the  original  depth  of  the  sea  where  it  has  not  h 
rendered  shallower  by  fluviatile  matter.  We  learn  from  LienUN 
bold  that  nothing  but  the  finest  and  lightest  ingredients  reash 
Mediterranean,  where  he  has  observed  the  sea  discoloured  by  tha 
the  distance  of  40  miles  from  the  shorcf  The  small  progress  of 
delta  in  the  last  2000  years  affords,  perhaps,  no  measore  fiir  < 


*  QoAit.  Joom.  GeoL  Soc.  toL  ▼. ;        f  Qn^ut.  Jonrn.  GeoL  Soc  ISSI 
Memoin,  p.  20.;  and  T^wmignc,  Joom.    ir.  p.  S42. 
le  Phann.  t  r.  p.  468. 
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ntttbg  its  rate  of  growth  when  it  was  an  inland  baj,  and  had  not 
jet  protraded  itself  bejond  the  coast-line  of  the  Mediterranean.  A 
powerful  current  now  sweeps  along  the  shores  of  Africa,  from  the 
Straits  of  Gibraltar  to  the  prominent  convexity  of  Kgypt,  the 
western  mde  of  which  is  continually  the  prej  of  the  waves ;  so  that 
oot  onlj  are  fresh  accessions  of  land  checked,  but  ancient  parts  of  the 
delta  are  carried  awaj.  Bj  this  cause  Canopus  and  some  other 
towns  have  been  overwhelmed ;  but  to  this  subject  I  shall  again  refer 
when  speaking  of  tides  and  currents. 


CHAPTER  XVIIL 

REPRODUCTIVE   EFFECTS  OF  RIVERS  —  Continued. 

Ileitis  funned  under  tho  influence  of  tides — Basin  and  delta  of  the  Mississippi — 
AIlaTial  plain — River-banks  and  blufis — Curres  of  the  river — Natural  rafts 
sod  snags — New  lakes,  and  effects  of  earthquakes — Antiquity  of  the  delta — 
Delta  of  the  Ganges  and  Brahmapootra — Head  of  the  delta  and  Sunderbunds — 
Idands  formed  and  destroyed  —  Crocodiles — Amount  of  fluviatile  sediment  in 
die  water — Artesian  boring  at  Calcutta — Proofs  of  subsidence — Age  of  tho 
delta — {Convergence  of  deltas — Origin  of  existing  deltas  not  contemporaneous — 
Qrooping  of  strata  and  stratification  in  deltas — Conglomerates — Constant  inter- 
change of  land  and  sea. 

Iv  the  last  chapter  several  examples  were  given  of  the  deltas  of  inland 
seas,  where  the  influence  of  the  tides  is  almost  imperceptible.  We 
Buij  next  consider  those  marine  or  oceanic  deltas,  where  the  tides 
]^7  an  important  part  in  the  dispersion  of  fluviatile  sediment,  as  in 
the  golf  of  Mexico,  where  they  exert  a  moderate  degree  of  force,  and 
then  in  the  Bay  of  Bengal,  where  they  are  extremely  powerful.  In 
regard  to  estuaries,  which  Rennel  termed  ^*  negative  deltas,"  thej  will 
be  treated  of  more  properly  when  our  attention  is  specially  turned  to 
the  operations  of  tides  and  currents  (chapters  20,  21,  and  22.).  In 
this  case,  instead  of  the  land  gaining  on  the  sea  at  the  river's  mouth, 
the  tidea  penetrate  far  inland  beyond  the  general  coast  line. 

BASIN  AND  DELTA  OF   THE  MISSISSIPPI. 

Alluvial  plain, — The  hydrographical  basin  of  the  Mississippi 
ditplajSy  on  the  grandest  scale,  the  action  of  running  water  on  tlie 
sorfaoe  of  a  vast  continent  This  magnificent  river  rises  nearly  in  the 
fertj-ninth  parallel  of  north  latitude,  and  flows  to  the  Gxilf  of  Mexico 
in  the  twenty-ninth — a  course,  including  its  meanders,  of  more  than 
three  thousand  miles.  It  passes  from  a  cold  climate,  where  the  hunter 
obtains  his  furs  and  peltries,  traverses  the  temperate  latitudes,  and 
discharges  its  waters  into  the  sea  in  the  region  of  rice,  the  cotton 
plant,  and  the  sugar  cane.  From  near  its  mouth  at  the  Balize  a 
steam-boat  may  ascend  for  2000  miles  with  scarcely  any  perceptible 
difference  in  the  width  of  the  river.    Several  of  its  tributaries,  the 
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tne  Ubio,  a  medial  width  of  ab(      half  a  mile.    The  jonctioii  of  the 
Ohio  seems  also  to  pmdooe  no  inereate»  bat  rather  a  decrease  ef 
sorfaee.*    The  St  Frands*  White,  Arbuisas,  and  Bed  rivers  aie 
also  absorbed  bjr  the  main  stream  with  scaroelj  any  apparent  increase 
of  its  width,  although  here  and  there  it  expands  to  a  breadth  of  I^ 
or  even  to  2  miles.    On  arriving  at  New  Orleans,  it  is  sonewhal  less 
than  half  a  mile  wide.    Its  depth  there  is  very  variable,  the  greatest 
at  high  water  being  168  feet    The  mean  rate  at  which  the  whole 
body  of  water  flows  is  varioody  estimated;  aeoordii^  to  Mr^Fsvahey- 
the  mean  velocity  of  the  corrent  at  the  snrfiM^  somewhat  coeeeeds 
2^  miles  an  hoor  when  the  water  is  at  a  mean  height    Per  800 
miles  above  New  Orleans  the  distance  measured  by  the  vriadiiig 
river  is  about  twice  as  great  as  the  distance  in  a  right  line.    IW  the 
first  100  miles  from  the  nioutii  tiie  rate  of  fall  is  1-80  inch,  fer  mil^ 
far  the  second  hundred  2  inches,  for  the  third  2*80^  for  the  fewAS^* 
The  allavisl  plain  of  the  Mississippi  begins  to  be  of  great  widtii 
below  Gape  Girardeau,  50  miles  above  the  junction  of  the  Ohio.     At 
this  junction  it  is  about  50  miles  broad,  south  of  which  it  contracts 
to  about  30  miles  at  Memphis,  expands  again  to  80  miles  at  the 
mouth  of  the  White  River,  and  then,  after  various  contractiona  and 
expansions,  protrudes  bejond  the  general  coast-line,  in  a  large  delta, 
about  90  miles  in  width,  from  N.  K  to  S.  W.     Mr.  Forshey  estimates 
the  area  of  the  great  plain  as  above  defined  at  31,200  square  mile^ 
with  a  circumference  of  about  3000  miles,  exceeding  the  area  of 
Ireland.     If  that  part  of  this  plain  which  lies  below,  or  to  the  aonth 
of  the  branching  off  of  the  highest  arm,  called  the  Atchafalaya, 
be  termed  the  delta,  it  constitutes  less  than  half  of  the  whole,  being 
14,000  square  British  miles  in  area.     The  delta  may  beT  said  to  be 
bounded  on  the  east,  west,  and  south  by  the  sea;  on  the  north  chiefly 
by  the  broad  valley-plain  which  entirely  resembles  it  in  character  as 
in  origin.    The  east  and  west  boundaries  of  the  alluvial  region  above 
the  head  of  the  delta  consists  of  cliffs  or  bluff«,  which  os  the  east  aide 
of  the  Mississippi  are  very  abrupt,  and  are  undermined  by  the  river 
at  many  points.    They  consist,  from  Baton  Rouf^  in  Louisiana,  where 
they  commence,  as  far  north  as  the  borders  of  Kentucky,  of  geological 
formations  newer  than  the  cretaceous,  the  lowest  beiing  Eocene,  and 
the  uppermost  consisting  of  loam,  resembling  the  loess  of  the  Rhine^ 

*  FUnt*s  Geognphj,  toL  L  p.  14S.     LjelPf  Second  Viitt  to   ths   Uniltd 
Statci,  ToL  iL  chapi.  SS.  to  34. 
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and  containing  freshwater  and  land  shells  almost  all  of  existing  species. 

(See  fig.  23.)    These  recent  shells  are  associated  with  the  bones  of  the 

imBtodon,  elephant,  tapir,  mylodon^  horse,  ox,  and  other  quadrupeds, 

most  of  them  of  extinct  species. 
Iha?e  endeavoured  to  show  in  my  Second  Visit  to  the  United  States, 

that  this  extensive  formation  of  loam  is  either  an  ancient  alluvial  plain 

or  8  delta  of  the  great  river,  formed  originally  at  a  lower  level,  and 

since  upheaved,  and  partially  denuded. 

The  Mississippi  in  that  part  of  its  course  which  is  below  the  mouth 
of  the  Ohio,  frequently  washes  the  eastern  bluffs,  but  never  once  comes 
in  contact  with  the  western.  These  are  composed  of  similar  forma- 
tions ;  but  I  learn  from  Mr.  Forshey  that  they  rise  up  more  gently 
from  the  alluvial  plain  (as  at  a,  fig.  23.).     It  is  supposed  that  the 
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waters  are  thrown  to  the  eastern  side,  because  all  the  large  tributary 
rivers  entering  from  the  west  have  filled  that  side  of  the  great  valley 
with  their  deltas,  or  with  a  sloping  mass  of  clay  and  sand ;  so  that 
the  opposite  bluffs  are  undermined,  and  the  Mississippi  is  slowly  but 
incessantly  advancing  eastward.* 

Curves  of  the  Mississippi, — The  river  traverses  the  plain  in  a 
meandering  course,  describing  immense  curves.  After  sweeping 
round  the  half  of  a  circle,  it  is  carried  in  a  rapid  current  diagonally 
across  the  ordinary  direction  of  its  channel,  to  another  curve  of 
similar  shape.  Opposite  to  each  of  these,  there  is  always  a  sand-bar, 
answering,  in  the  convexity  of  its  form,  to  the  concavity  of  "  the 
bend,"  as  it  is  called.f  The  river,  by  continually  wearing  these 
corves  deep,  returns,  like  many  other  streams  before  described,  on 
its  own  tract,  so  that  a  vessel  in  some  places,  after  sailing  for  twenty- 
five  or  thirty  miles,  is  brought  round  again  to  within  a  mile  of  the 
place  whence  it  started.  When  the  waters  approach  so  near  to  each 
other,  it  often  happens  at  high  floods  that  they  burst  through  the 
small  tongue  of  land,  and  insulate  a  portion,  rushing  through  what 
is  called  the  "  cut  off,"  so  that  vessels  may  pass  from  one  point  to 
another  in  half  a  mile  to  a  distance  which  it  previously  required  a 
voyage  of  twenty  miles  to  reach.  As  soon  as  the  river  has  excavated 
the  new  passage,  bars  of  sand  and  mud  are  formed  at  the  two  points 
of  junction  with  the  old  bend,  which  is  soon  entirely  separated  from 
the  main  river  by  a  continuous  mud-bank  covered  with  wood.  The 
old  bend  then  becomes  a  semicircular  lake  of  clear  water,  inhabited  by 

•  Geograph.  Dcscrip.  of  Tx)ni8iana,  by        f  Flint's  Geography,  vol  i.  p.  152. 
W.  Barby,  Fhiladelphla,  1816,  p.  102. 
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nearij  driTen  mwmj  from  the  main  river.  A  multitude  of  tiieh  ^ 
ereseeat-duiped  hkea,  acattered  &t  and  wide  over  the  allavial  plain,  i 
the  greater  number  of  them  to  the  west,  but  some  of  tliem  alaa  iJ 
eailvrard  of  the  HDaaisBippi,  bear  testimonj  to  the  extensive  wan-— = 
darings  of  the  great  stream  in  former  ages.  For  the  la^  two  hnndred.  '^ 
mQes  abore  its  mouth  the  course  of  the  river  is  much  less  winding  than.  ~^ 
above^  there  being  only  in  the  whole  of  that  distance  one  greal  eonre^  ^ 
that  oalled  the  «Eng^  Turn.*  This  greater  straightneaa  €t  tbm  i 
stream  Is  ascribed  bj  Mr.Forshej  to  the  superior  tenadtf  of  tbmf 
banks^  whieh  are  more  dayey  in  this  region. 

The  Mississippi  has  been  Incorrectlj  deecribed  bjr  some  of  the 
earlier  geographers^  as  a  river  running  idong  the  top  of  a  long  UI9 
or  mound  in  a  plain.  In  reality  it  runs  in  a  vallej,  finom  100  to  SOO 
or  more  feet  in  depth,  as  o^  e^  6,  fig.  24^  its  banks  forming  long  strips 
of  land  parallel  to  the  course  dT  the  main  stream,  and  to  the  awaaapa 
^,/!  and  i(  flying  on  each  side.  These  extensive  morasses^  wldoh  ara  < 
commonly  well-wooded,  though  often  submerged  for  months  eea- 
tinuonsly,  arerarely  more  than  fifteen  feet  below  the  aummit  level  of 
the  banks.  The  banks  themselves  are  occasionally  overfiowed,  bnl 
are  usually  above  water  for  a  breadth  of  about  two  milea.  TlMf 
fellow  all  the  curves  of  the  great  river,  and  near  New  Orleans  ^mf 
raised  artificially  by  embankments  (or  levees^  «  i^  fig>  M.»  Ihimig^* 
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Section  of  channel,  bank,  lereei  («  and  b),  and  twanpt  of  MiMiutppl  rtver. 

which  the  river  when  swollen  sometimes  cuts  a  deep  channel 
(or  crevasse),  inundating  the  adjoining  low  lands  and  swamps^  and 
not  sparing  the  lower  streets  of  the  great  city. 

The  cause  of  the  uniform  upward  slope  of  the  river  bank  above 
the  acljoining  alluvial  plain  is  this :  when  the  waters  charged  with  se- 
diment pass  over  the  banks  in  the  flood  season,  their  velocity  is  chedted 
among  the  herbage  and  reeds,  and  they  throw  down  at  once  the  ooaraer 
and  more  sandy  matter  with  which  they  are  charged.  But  the  fine 
particles  of  mud  are  carried  farther  on,  so  that  at  the  distanee  of 
about  two  milesi,  a  thin  film  of  fine  clay  only  subsides,  forming  a  adff 
unctuous  black  s<»l,  which  gradually  envelopes  the  base  of  trees 
growing  on  the  borders  of  the  swamps. 

fVaite  oftk€  bamkt, — It  has  been  said  of  a  mountain  torrent,  thai ' 
'Mt  lays  down  what  it  will  remove,  and  removes  what  it  has  laM 
down ;"  and  in  like  manner  the  Mississippi,  by  the  continual  shifting 
of  its  course,  sweeps  away,  during  a  great  portion  of  tlie  year,  eon* 
siderable  tracts  of  slluvium,  which  were  gradually  accumulated  by  tlie 
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overflow  of  former  years,  and  the  matter  now  left  during  the  spring- 
floods  will  be  at  some  future  time  removed.  After  the  flood  season, 
when  the  river  subsides  within  its  channel,  it  acts  with  destructive 
force  upon  the  alluvial  banks,  softened  and  diluted  bj  the  recent 
OTcrflow.  Several  acres  at  a  time,  thickly  covered  with  wood,  are 
precipitated  into  the  stream ;  and  large  portions  of  the  islands  are 
frequently  swept  away. 

**  Some  years  ago,"  observes  Captain  Hall,  "  when  the  Mississippi 
was  regularly  surveyed,  all  its  islands  were  numbered,  from  the  con- 
fluence of  the  Missouri  to  the  sea;  but  every  season  makes  such 
revolutions,  not  only  in  the  number  but  in  the  magnitude  and  situa- 
tion of  these  islands,  that  this  enumeration  is  now  almost  obsolete. 
Sometimes  large  islands  are  entirely  melted  away ;  at  other  places 
they  have  attached  themselves  to  the  main  shore,  or,  which  is  the 
more  correct  statement,  the  interval  has  been  filled  up  by  myriads 
of  logs  cemented  together  by  mud  and  rubbish." • 

RafU, — One  of  the  most  interesting  features  in  the  great  rivers  of 
this  part  of  America  is  the  frequent  accumulation  of  what  are  termed 
**  rafts,"  or  masses  of  floating  trees,  which  have  been  arrested  in  their 
progress  by  snags,  islands,  shoals,  or  other  obstructions,  and  made  to 
accumulate,  so  as  to  form  natural  bridges  reaching  entirely  across  the 
stream.  One  of  the  largest  of  these  was  called  the  raft  of  the 
Atchafalaya,  an  arm  of  the  Mississippi,  which  was  certainly  at  some 
former  time  the  channel  of  the  Red  River,  when  the  latter  found  its 
way  to  the  Gulf  of  Mexico  by  a  separate  course.  The  Atchafalaya 
being  in  a  direct  line  with  the  general  direction  of  the  Mississippi, 
catches  a  large  portion  of  the  timber  annually  brought  down  from  the 
north ;  and  the  drift  trees  collected  in  about  thirty-eight  years 
previous  to  1816  formed  a  continuous  raft,  no  less  than  ten  miles  in 
length,  220  yards  wide,  and  eight  feet  deep.  The  whole  rose  and  fell 
with  the  water,  yet  was  covered  with  green  bushes  and  trees,  and  its 
surface  enlivened  in  the  autumn  by  a  variety  of  beautiful  flowers. 
It  went  on  increasing  till  about  1835,  when  some  of  the  trees  upon  it 
had  grown  to  the  height  of  about  sixty  feet.  Steps  were  then  taken 
by  the  state  of  Louisiana  to  clear  away  the  whole  raft  and  open  the 
navigation,  which  was  efi^ected,  not  without  great  labour,  in  the  space 
of  four  years. 

The  rafts  on  Red  River  are  equally  remarkable :  in  some  parts  of 
its  course,  cedar  trees  are  heaped  up  by  themselves,  and  in  other  places 
pines.  On  the  rise  of  the  waters  in  summer  hundreds  of  these  are  seen, 
some  with  their  green  leaves  still  upon  them,  just  as  they  have  fallen 
from  a  neighbouring  bank,  others  leafless,  broken  and  worn  in  their 
passage  from  a  far  distant  tributary :  wherever  they  accumulate  on 
the  edge  of  a  sand  bar  they  arrest  the  current  and  soon  become 
covered  with  sediment.  On  this  mud  the  young  willows  and  the 
poplars  called  cotton-wood  spring  up,  their  boughs  still  farther 
retarding  the  stream,  and  as  the  inundation  rises^  accelerating  the 

*  TravelB  in  North  America,  toL  iii.  p.  361. 
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dttpotttioa  of  new  aoiL  The  htaak  oontinaing  to  enlarge^  the  duumel 
et  length  heeomee  ao  narrow  that  a  aiogle  long  tree  may  reach  frana 
aide  to  aide^  and  the  remaining  apaoe  ia  then  aoon  choked  op  bj  n 
qnantitj  of  other  timber. 

^  Unfortnnatelj  for  the  navigation  of  the  Miasiaaippiy''  dbaenrca  a 
Captain  Hall>  ''aome  of  the  laigeat  tmnka^  after  being  eaat  dowm  J 
from  the  podtion  on  which  thej  grew,  get  their  roota  entangled  with  -A 
the  bottom  of  the  tirw,  where  thej  remain  anchored,  aa  it  were^-in  > 
the  mud.  The  force  of  the  current  natorallj  girea  their  topa  a  lea^  4 
deney  downward^  and,  bj  ita  flowing  paat»  aoon  atripa  them  of  their 
leavea  and  branchea.  Theae  fixtmeib  called  anaga,  or  pknten^  ava 
extreme^  dangerooa  to  the  ateam-TOMela  proceeding  up  the  BtntHV 
fn  which  Aey  lie  like  a  lance  in  reai^  concealed  beneath  the  waler^ 
with  their  aharp  enda  pointed  directly  againat  the  bowa  of  the  ▼eaailB 
earning  np.  For  the  moat  part  theae  formidable  anaga  remain  aoatifl^ 
that  they  can  be  detected  only  by  a  alight  ripple'  abo?e  then^  ae* 
pereoptible  to  inexperienced  eyea.  Sometimeii»  however,  thay  ▼iinnle 
up  and  down,  alternately  ahowing  their  heada  above  the  aoiAee^  mul 
bathuy  them  beneath  it."*  So  imminent  until  lately  waa  the  ilangir 
eanaed  by  theae  obatnietion%  that  almoat  all  the  boaU  on  the  Miaiia-i 
aippi  were  conatructed  on  a  particular  plan,  to  guard  againat  fctal  ^J 
aeddentat  butin  thelatttenyear%byaid<tfthepowerof  ateam,nBdi| 
the  machinery  of  a  anag-boat,  aa  it  ia  called,  the  greater  nnniber  of  J 
dieae  trunka  of  treea  have  been  drawn  out  of  the  mud.t  '  >* 

The  prodigious  quantity  of  wood  annually  drifted  down  by  the 
Miasisaippi  and  ita  tributaries,  is  a  subject  of  geological  interest,  not 
merely  aa  illustrating  the  manner  in  which  abundance  of  Tegetable 
matter  becomes,  in  the  ordinary  course  of  nature,  imbedded  in  aub- 
marine  and  estuary  deposits,  but  as  attesting  the  constant  destruction 
of  soil  and  transportation  of  matter  to  lower  levels  by  the  tendency 
of  rivers  to  shift  their  courses.  Each  of  these  trees  must  have  re« 
quired  many  years,  some  of  them  centuries,  to  attain  their  full  aiae ; 
the  aoil,  therefore,  whereon  they  grew,  after  remaining  undisturbed 
for  long  periods,  is  ultimately  torn  up  and  swept  away. 

It  is  also  found  in  excavating  at  New  Orleans,  even  at  the  depth 
of  several  yards  below  the  level  of  the  sea,  that  the  soil  of  the  delta 
containa  innumerable  trunks  of  trees,  Inyer  above  layer,  aome 
proatrate,  as  if  drifted,  others  broken  off  near  the  bottom,  but  re- 
maining still  erect,  and  with  their  roots  spreading  on  all  sides,  as  if  in 
their  natural  poaition.  In  such  situations  tliey  appeared  to  me  to 
indicate  a  sinking  of  the  ground,  as  the  trees  must  formerly  have 
grown  in  marshes  above  the  sea-leveL    In  the  higher  parts  of  the 


*  lYsTds  in  North  America,  roL  ill  (rom  the  rest  of  die  hold  asif  h  belonged 

p.  362.  to  another   boat.    If  the  ■team-TcaKl 

t  **T1ie  boett  are  fitted,**  mjs  Captain  happen  to  run  against  a  snag,  and  that 

IlaiD,  **  with  what   is  called   a   snag-  a  lioie  is  made  in  her  bow,  under  the 

chamber ;  —  a  partition  formed  of  stoat  surface,  this  chamber  merelj  fiUa  with 

planks,  which  is  canlked,  and  made  fo  water." — Trarels   in    North   America^ 

offectuaUy  water-tight,  that  the  foremost  toL  iii  p.  363. 
end  of  the  rcssd  is  cot  off  at  entirely 
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*|^uvial  plain,  for  many  hundred  miles  above  the  head  of  the  delta 
^ilar  stools  and  roots  of  trees  are  also  seen  baried  in  stiff  claj  at 
Afferent  levels,  one  above  the  other,  and  exposed  to  view  in  the  banks 
^  hw  water.  They  point  clearly  to  the  successive  growth  of  forests 
iQ  the  extensive  swamps  of  the  plain,  where  the  ground  was  slowly 
nused,  year  after  year,  by  the  mud  thrown  down  during  inundations. 
These  roots  and  stools  belong  chiefly  to  the  deciduous  cypress  (  TaX' 
odium  dUtichum)  and  other  swamp  trees,  and  they  bear  testimony  to 
the  constant  shifting  of  the  course  of  the  great  river  which  is  always 
excavating  land  originally  formed  at  some  distance  from  its  banks. 

Formation  of  lakes  in  Louisiana. — Another  striking  feature  in  the 
basin  of  the  Mississippi,  illustrative  of  the  changes  now  in  progress, 
is  the  formation  by  natural  causes  of  great  lakes,  and  the  drainage  of 
others.  These  are  especially  frequent  in  the  basin  of  the  Red  River 
in  Louisiana,  where  the  largest  of  them,  called  Bistineau,  is  more 
than  thirti/  mUes  long,  and  has  a  medium  depth  of  from  fifteen  to 
twenty  feet.  In  the  deepest  parts  are  seen  numerous  cypress  trees, 
of  all  sizes,  now  dead,  and  most  of  them  with  their  tops  broken  by 
the  wind,  yet  standing  erect  under  water.  This  tree  resists  the 
action  of  air  and  water  longer  than  any  other,  and,  if  not  submerged 
throughout  the  whole  year,  will  retain  life  for  an  extraordinary 
period.  Lake  Bistineau,  as  well  as  Black  Lake,  Cado  Lake,  Spanish 
Lake,  Natchitoches  Lake,  and  many  others,  have  been  formed, 
according  to  Darby,  by  the  gradual  elevation  of  the  bed  of  Red 
River,  in  which  the  alluvial  accumulations  have  been  so  great  as  to 
raise  its  channel,  and  cause  its  waters,  during  the  flood  season,  to 
flow  up  the  mouths  of  many  tributaries,  and  to  convert  parts  of  their 
courses  into  lakes.  In  the  autumn,  when  the  level  of  Red  River  is 
again  depressed,  the  waters  rush  back,  and  some  lakes  become  grassy 
meadows,  with  streams  meandering  through  them.*  Thus,  there  is 
a  periodical  flux  and  reflux  between  Red  River  and  some  of  these 
basins,  which  are  merely  reservoirs,  alternately  emptied  and  filled, 
like  our  tide  estuaries — with  this  difference,  that  in  the  one  case  the 
land  is  submerged  for  several  months  continuously,  and  in  the  other 
twice  in  every  twenty-four  hours.  It  has  happened,  in  several  cases, 
that  a  raft  of  timber  or  a  bar  has  been  thrown  by  Red  River « across 
some  of  the  openings  of  these  channels,  and  then  the  lakes  become, 
like  Bistineau,  constant  repositories  of  water.  But,  even  in  these 
cases,  their  level  is  liable  to  annual  elevation  and  depression,  because 
the  flood  of  the  main  river,  when  at  its  height,  passes  over  the  bar  ; 
just  as,  where  sand-hills  close  the  entrance  of  an  estuary  on  the 
Norfolk  or  Suffolk  coast,  the  sea,  during  some  high  tide  or  storm,  has 
often  breached  the  barrier  and  inundated  again  the  interior. 

I  am  informed  by  Mr.  Featherstonhaugh  that  the  plains  of  the 
Red  River  and  the  Arkansas  are  so  low  and  flat,  that  whenever  the 
Mississippi  rises  thirty  feet  above  its  ordinary  level,  those  great 
tributaries  are  made  to  flow  back,  and  inundate  a  region  of  vast 

*  Darbj's  Louisiana,  p.  33. 
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eileiit  Both  the  atnaiiis  AUnded  to  oontniii  red  sediment^  derived 
fkom  Ae  deoompoeUion  of  red  porphjrj ;  end  liiice  1888^  when  there 
wu  e  greet  fawndetion  in  the  ArkanMi^  en  immense  swemp  hee  been 
fbcmed  neer  the  Memmelle  moontein,  eomprimng  80^000  eore%  with 
here  end  there  krge  bgoooe  where  the  old  bed  of  the  mer  wee 
dtoeled ;  in  whidi  innvmereble  treeii  Ibr  the  most  pert  deed,  eie 
seen  stending,  of  qrpresi^  ootton-wood,  or  poplsr»  the  triple-thomed 
eoecie»  end  othen^  whieh  ere  of  greet  sise.  Their  tmnks  eppeer  ee 
it peinted  red  for  ebont  fifteen  feet  firom  the  ground ;  etwhidiheigfal 
e  perfectly  let  d  line  extends  throogh  the  whole  fiiresl»  merldqg  the 
rise  <tf  the  weters  during  the  lest  flood.* 

But  most  probeUj  the  ceoMS  shore  essigned  for  the  reoent  origin 
of  these  lekce  ere  not  the  only  ones.  Sabterreneen  moremente  heve 
eltsredf  so  letely  es  the  yeers  1811-18,  the  rektive  IotoIs  of  Terkme 
ports  of  the  besfai  of  the  Ifississippi,  ntneted  800  miles  north-eeslef 
Lske  Bistineeo.  In  those  yesrs  the  greet  Tslley,  from  the  mondkef 
the  Ohio  to  thet  of  the  St.  Ifrmcu,  inolnding  e  trsct  800  miles  in 
length*  end  eacceeding  in  eres  the  whole  besin  of  the  Theme%  wie  . 
eonTolsed  to  sueh  e  degree^  es  to  create  new  isbmli  in  the  riTor,  end  n 
lakes  in  the  sUaTisl  plain.  Some  of  these  were  on  the  left  or  eesi 
bank  of  the  Missiasippiy  snji  were  twenty  miles  in  extent;  es^  ftr 
example,  those  named  Reelfoot  and  Obion  in  Tenessee,  formed  in  the 
ehannels  or  yalleys  of  small  streams  bearing  the  same  names.f 

Bat  the  largest  area  affected  by  tbe  great  convulsion  lies  eight  or 
ten  miles  to  the  westward  of  the  Mississippi,  and  inland  from  the 
town  of  New  Madrid,  in  Missouri.  It  is  ciUled  "  the  sunk  countiy,* 
and  is  said  to  extend  along  the  course  of  the  White  Water  and  its 
tributaries,  for  a  distance  of  between  seventy  and  eighty  miles  ncnth 
and  south,  and  thirty  miles  or  more  east  and  west.  Throughout  this 
area,  innumerable  submerged  trees,  some  standing  leafless,  others 
prostrate,  are  seen ;  and  so  great  is  the  extent  of  lake  and  marsh* 
that  an  active  trade  in  the  skins  of  musk-rats,  mink,  otters,  and 
other  wild  animals,  is  now  carried  on  there.  In  March,  1846, 1  skirted 
the  borders  of  the  '*  sunk  country  "  nearest  to  New  Madrid,  passing 
along  the  Bayou  St.  John  and  Little  Prairie,  where  dead  trees  of 

*  Feotheistonhaogh,    GeoL    Report,  feet  deep.    The  to|M  of  the  trees  iMd 

Waahington,  1835,  p.  84.  disappeared  ;  bat  between  high  and  kfir 

t  Trees  submerged  in  an  upright  posi-  water-mark  the  trunks  were  only  par- 
tion  hare  been  obKrred  in  otbcr  parts  of  tiallj  decayed ;  and  the  roots  weie  aeea 
N.  Americm.  Thus  Captains  CUu-k  and  through  the  clear  water,  spreading  as 
Lewis  found,  about  the  jear  1807,  a  they  had  grown  in  their  native  fon0L 
forest  of  pines  standing  erect  under  water  (Tour  beyond  the  Rocky  Moantaini^ 
in  the  bcniy  of  the  Columbia  river,  which  p.  132.)  Some  have  inferred  ftxm  these 
they  imp]>oaed,  fhnn  the  appearance  of  facts  Uiat  a  tract  of  land,  more  than 
the  trees,  to  have  been  submerged  only  twenty  miles  in  length,  must  have  sob- 
about  twentr  yean.  (Travels,  &c.  vol.  il  sided  vertically  ;  but  Capt.  li^hnoat, 
p.  241.)  More  lately  (1835),  the  Rev.  Dec.  1845  (Rep.  of  Eaq^.  Ezped. 
Mr.  Parker  observed  on  the  same  river  p.  195.),  sati^d  himself  thai  the  sab- 
pat  45^^  N.,  long.  131^  W.)  trees  stand-  merged  forests  have  been  formed  fagr 
ing  in  their  natural  position  in  spota  immense  land-slidei  from  tbe  moimtahiSp 
where  the  water  was  more  than  twenty  which  hero  closely  shut  in  the  river. 
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TarioQs  kincby  some  erect  in  the  water,  others  fallen,  and  strewed  in 
dense  masses  over  the  bottom,  in  the  shallows,  and  near  the  shore, 
were  conspicuous.  I  also  beheld  countless  rents  in  the  adjoining  dry 
aDoyial  plains,  caused  bj  the  movements  of  the  soil  in  1811-12,  and 
still  open,  though  the  rains,  frost,  and  river  inundations,  have  greatly 
diminished  their  original  depth.  I  observed,  moreover,  numerous 
circular  cavities,  called  **  sunk  holes,"  from  ten  to  thirty  yards  wide, 
and  twenty  feet  or  more  in  depth,  which  interrupt  the  general  level  of 
the  plain.  These  were  formed  by  the  spouting  out  of  large  quantities 
of  sand  and  mud  during  the  earthquakes.* 

That  the  prevailing  changes  of  level  in  the  delta  and  alluvial  plain 
of  the  Mississippi  have  been  caused  by  the  subsidence,  rather  than 
the  upheaval  of  land,  appears  to  me  established  by  the  fact,  that  there 
are  no  protuberances  of  upraised  alluvial  soil,  projecting  above  the 
level  surface  of  the  great  plain.  It  is  true  that  the  gradual  elevation 
of  that  plain,  by  new  accessions  of  matter,  would  tend  to  efface  every 
inequality  derived  from  this  source,  but  we  might  certainly  have 
expected  to  find  more  broken  ground  between  the  opposite  bluffs,  h&d 
local  upthrows  of  alluvial  strata  been  of  repeated  occurrence. 

Antiquity  of  the  delta. — The  vast  size  of  the  alluvial  plain  both 
above  and  below  the  head  of  the  delta,  or  the  branching  off  of  the 
uppermost  arm  of  the  Atchafalaya,  has  been  already  alluded  to.  Its 
superficial  dimensions,  according  to  Mr.  Forshey,  exceed  30,000 
square  miles,  nearly  half  of  which  belong  to  the  true  delta.  The 
deposits  consist  partly  of  sand  originally  formed  upon  or  near  the 
hanks  of  the  river,  and  its  tributaries,  partly  of  gravel,  swept  down 
the  main  channel,  of  which  the  position  has  continually  shifted,  and 
partly  of  fine  mud  slowly  accumulated  in  the  swamps.  The  farther 
we  descend  the  river  towards  its  mouth,  the  finer  becomes  the  texture 
of  the  sediment.  The  whole  alluvial  formation,  from  the  base  of  the 
delta  upwards,  slopes  with  a  very  gentle^clination,  rising  about  three 
inches  in  a  mile  from  the  level  of  the  sea  at  the  Balize,  to  the  height 
of  about  200  feet  in  a  distance  of  about  800  miles. 

That  a  large  portion  of  this  fluviatile  deposit,  together  with  the 
fluvio-marine  strata  now  in  progress  near  the  Balize,  consists  of  mud 
and  sand  with  much  vegetable  matter  intermixed,  may  be  inferred 
from  what  has  been  said  of  the  abundance  of  drift  trees  floated  down 
every  summer.  These  are  seen  matted  together  into  a  net-work 
around  the  extensive  mud  banks  at  the  extreme  mouths  of  the  river. 
Every  one  acquainted  with  the  geography  of  Louisiana  is  aware  that 
the  most  southern  part  of  the  delta  forms  a  long  narrow  tongue  of 
land  protruding  for  50  miles  into  the  Gulf  of  Mexico,  at  the  end  of 
which  are  numerous  channels  of  discharge.  This  singular  promon- 
tory consists  simply  of  the  river  and  its  two  low,  flat  banks,  covered 
with  reeds,  young  willows,  and  poplars.  Its  appearance  answers 
precisely  to  that  of  the  banks  far  in  the  interior,  when  nothing 
appears  above  water  during  inundations  but  the  higher  part  of  the 

•  For  an  account  of  the  "  sank  coun-     1812,  see  Lycirs  Second  Visit  to  tlio 
try,"  shaken  by  the  earthquake  of  1811-    United  States,  ch.  33. 
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dopiDg  glads  or  bank.    In  the  one  ease  we  have  the  awampe 
espame  of  frediirater  with  the  tops  of  trees  appearing  above^  U 
olhsr  the  Unish  green  snrfiMe  of  the  Oalf  of  Mexico.    An 
h^  yerj  oommonlj  {ffevaOed  that  t1  Is  narrow  promontoiy^  the 
pfodoel  of  the  rirer,  has  .gained  reiy  rapidlj  upon  the  sea,  A 
Ibandation  of  New  (Means ;  but      or  visiting  the  Baliae  in  I 
eompanj  with  Dr.  Gsrpenter,  ana  making  manj  inqidries  of 
pHoCSy  and  eoinparing  the  present  ontHne  of  the  coast  with  the 
leot  Spanish  diart,  published  bj  CharleToix  120  years  befim^ 
eane  to  a  diflbrent  oondnsion.    The  rate  of  permanent  ad 
Hm  new  knd  has  been  yery  slow,  not  exceeding  perhaps  one 
a  eentuTi    The  gain  may  hare  been  somewhat  more  rapid  in 
yearly  when  the  new  strip  of  soil  prelected  lees  far  into  the  gnl^i 
k  is  now  mneh  more  exposed  to  the  aedon  of  a  strong  marine 
The  tides  also^  when  the  waters  of  the  rirer  are  low,  enter  into 
openings  and  seoor  them  oot,  destroying  the  banks  of  mod  aaii 
sand  bars  newfyformed  during  the  flood  sesson. 

An  obsenration  of  Darby,  in  regard  to  the  strata  oomposing 
this  ddts,  deserres  attention.  In  the  steep  banks  of  the 
before  anoded  to,  the  following  section,  he  says,  is  obserrabie  at 
trater :  —  first  an  npper  stratum,  consisting  invariably  of  bluish 
common  to  the  banks  of  the  Mississippi ;  below  this  a  stratum  of 
ochreous  earth,  peculiar  to  Red  River,  under  which  the  blue  day  si 
the  Mississippi  again  appears;  and  this  arrangement  is  constsat 
proving,  as  that  geographer  remarks,  that  the  waters  of  the  Misri^ 
sippi  and  the  Red  River  occupied  alternately,  at  some  former  periodic 
considerable  tracts  below  their  present  point  of  union.*  Such  alter* 
nations  are  probably  common  in  submarine  spaces  situated  between 
two  converging  deltas ;  for,  before  the  two  rivers  unite,  there  malt 
almost  always  be  a  certain  period  when  an  intermediate  tract  will  If 
turns  be  occupied  and  abandoned  by  the  waters  of  each  stream ;  siaes 
it  can  rarely  hapi>en  that  the  season  of  highest  flood  will  predi^f 
correspond  in  each.  In  the  case  of  the  Red  River  and  IGssisdif'^ 
which  carry  ofl*  the  waters  from  countries  placed  under  widely  £itiB^ 
latitudes,  an  exact  coincidence  in  the  time  of  greatest  inundatibn  ^ 
very  improbable. 

The  antiquity  of  the  ddta,  or  length  of  the  period  which  has  bet* 
occupied  in  the  deposition  of  so  vast  a  mass  of  alluvial  matter,  ii  * 
question  which  may  well  excite  the  curiosity  of  every  geglosii^ 
Sufficient  data  have  not  yet  been  obtained  to  afford  a  full  and  «&* 
factory  answer  to  the  inquiry,  but  some  approximation  may  tlndf 
be  made  to  the  minimum  of  time  required. 

When  I  visited  New  Orleans,  in  February  1846, 1  found  that  lk» 
Riddell  had  made  numerous  experiments  to  ascertain  the  propoftiai 
of  sediment  contained  in  the  waters  of  the  Mississippi ;  and  he 
eluded  that  the  mean  annual  amount  of  solid  matter  was  to  the 
as  i^f7  in  weight,  or  about  ^^^'q^  in  volume*!    From  the  obsenratioBi 


*  Darby's  Lonitiuia,  p.  103.  cominiinicated  to  the 

t  Tho  calcuUtioiis  here  giTcn  were    in  a  lecture  which  I  dehnred  at 
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of  the  same  gentleman,  and  those  of  Dr.  Carpenter  and  Mr.  Forsbej^ 
iQ  eminent  engineer,  to  whom  I  have  before  alluded,  the  average 
width,  depth,  and  velocity  of  the  Mississippi,  and  thence  the  mean 
annnal  discharge  of  water,  were  deduced.    I  assumed  528  feet,  or 
the  tenth  of  a  mile,  as  the  probable  thickness  of  the  deposit  of  mud 
and  sand  in  the  delta ;  founding  my  conjecture  chiefly  on  the  depth 
of  the  Gulf  of  Mexico,  between  the  southern  point  of  Florida  and 
the  Balize,  which  equals  on  an  average  100  fathoms,  and  partly  on 
some  borings  600  feet  deep  in  the  delta,  near  Lake  Pontchartrain,  north 
of  New  Orleans,  in  which  the  bottom  of  the  alluvial  matter  is  said 
not  to  have  been  reached.     The  area  of  the  delta  being  about  13,600 
square  statute  miles,  and  the  quantity  of  solid  matter  annually 
hrongbt  down   by  the   river    3,702,758,400   cubic    feet,    it   must 
have  taken  67,000  years  for  the  formation  of  the  whole ;  and  if 
the  alluvial  matter  of  the  plain  above  be  264  feet  deep,  or  half  that 
of  the  delta f,  it  must  have  required  33,500  more  years  for  its  accu-» 
inulation,  even  if  its  area  be  estimated  as  only  equal  to  that  of  the 
delta,  whereas  it  is  in  fact  larger.     If  some  deduction  be  made  from 
the  time  here  stated,  in  consequence  of  the  effect  of  the  drift-wood, 
which  must  have  aided  in  filling  up  more  rapidly  the  space  above 
Eluded  to,  a  far  more  important  allowance  must  be  made  on  the 
other  hand,  for  the  loss  of  matter  owing  to  the  finer  particles  of  mud 
Aot  settling  at  the  mouths  of  the  river,  but  being  swept  out  fur  to 
^a  daring  the  predominant  action  of  the  tides,  and  the  waves  in  the 
winter  months,  when  the  current  of  fresh  water  is  feeble.     Yet, 
however  vast  the  time  during  which  the  Mississippi  has  been  trans- 
porting its  earthy  burden  to  the  ocean,  the  whole  period,  though  far 
^^ceeding  perhaps  100,000  years,  must  be  insignificant  in  a  geological 
point  of  view,  since  the  blufis  or  clifis,  bounding  the  great  valley,  and 
^erefore*  older  in  date,  and  which  are  from  50  to  250  feet  in  per- 
pendicular height,  consist  in  great  part  of  loam  containing  land, 
^UTiatile,  and  lacustrine  shells  of  species  still  inhabiting  the  same 
^untry.    (See  fig.  23.  p.  265.) 
Before  we  take  leave  of  the  great  delta,  we  may  derive  an  in« 

•"^ptonin  September,  1846.  (See  Athe-  accomplish  the  task  above  alluded  to. 

^Bi  Joamal,  Sept,  26.  1846,  and  Re-  *•  The  cubic  contents    of  sedimentary 

PpitofBritish  Association,  1846,  p.  117.)  matter,"  says  Forshey,  **are  equal  to 

*f'  Riddcll  has  since  repeated  his  expe-  4,083,333,333,  and  this  sediment  would 

JJJttents  on  the  quantity  of  sediment  in  annually  cover  twelve  miles  square  one 

***®  river  at  New  Orleans  without  any  foot  deep." 

^^rial  variation  in  the  results.  t  The  Mississippi  is  contimially  shift- 

^Mr.  Forshey,    in   a  memoir   on    the  ing  its  course  in  the  great  alluvial  plain, 

jjysics  of  the  Mississippi,  published  in  cutting  frequently  to  the  depth  of  100, 

tll^'  adopts  Dr.  RiddcU's  estimate  for  and  even  sometimes  to  the  depth  of  250 

^.<liuuitity  of  mud,  but  takes  447,199  feet.    As  the  old  channels  become  after. 

^^bic  fo^i  per  second  as  the  average  wards  filled  up,  or  in  a  great  degree 

^harge  of  water  for  the  year  at  Car-  obliterated,  this  excavation  alone  must 

^'*on,  nine  miles  above  New  Orleans,  a  have  given  a  considerable  depth  to  the 

^^^  deduced  from  thirty  years  of  ob-  basin,  which  receives  the  alluvial  deposit, 

J^ations.    This  being  one  tenth  more  and  subsidences  like  those  accompany- 

^Q I  had  assumed  would  add  a  tenth  to  ing  the  earthquake  of  New  Madrid  in 

^  iediment,  and  would  diminish  by  one  1811  — 1812  may  have  given  still  more 

^'^Venth  (he  number  of  years  required  to  depth. 
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ItaBlii^  kMli  fiEiom  the  ndectioii  thai  the  new  depoiati 
fomad*  w  mom  Meomnlaiiiig,  whather  laarine  or  freeliwatary 
gfaatly  naaable  in  oompoaitianb  and  Iba  ganaral  chamatar  of. 
aigank  lanaln^nMuijanciant  atrala  which  enter  largel 
ateuatniai  Tat  thara  ia  no  indden  reYdotion  in  progreas,  wl 
tha  land  or  tat  tha  watoi^  whether  in  tha  animate  or  the 
trarid*  NoCirithatanding  tha  azcaaaiTa  destmction  of  woSX 
nprooting  of  traea»  tha  region  which  yielda  a  never*failing  an] 
*jhiftiWOod  ia  danaelj  clothed  with  noUe  foreata,  and  ia 
vnifallad  in  its  power  of  supporting  animal  and  TegataUe  Ufiii 
apita  of  the  nndermining  of  manjaloftj  bluff  and  tha 
af  tha  ddta  on  the  aaai— in  apita  of  tha  earthqaake,  which  landaa 
lasuraa  tha  aoil,  or  cansea  aiaaa  mora  than  siztj  miles  in 
link  dcywn  aafoial  yards  in  a  few  months,  the  general  featnxaa 
diatriet  remain  unaltered,  or  are  merelj  undergoing  a  abwi 
laannsiMfi  nhangn  Herdaofwild  deer  grace  on  tha  pastures^  or 
npon  tha  trees;  and  ifthajr  diminish  in  number,  it  is  only  where  i 
||fa  way  to  man  and  tha  domestic  animals  whidi  follow  in  Ua 
Tha  bear,  tha  woU;  the  fbz,  tha  panther,  and  tha  wild-esfe 
maintain  thamadTea  in  the  fastnesses  of  the  foreata  of  eypiass^ 
gum-tree.  The  racoon  and  the  opossum  are  everywhere  abi 
while  the  musk-rat,  otter,  and  mink  still  frequent  the  rivers  la 
lakes,  and  a  few  beavers  and  buffaloes  have  not  yet  been  driH 
from  their  ancient  haunts.  The  waters  teem  with  alligatora^  ta 
toises,  and  fish,  and  their  surface  is  covered  with  millions  of  ndffl 
toiy  waterfowl,  which  perform  their  annual  voyage  between  ll 
Canadian  lakes  and  the  shores  of  the  Mexican  Gulf.  The  poW 
of  man  begins  to  be  sensibly  felt,  and  many  parts  of  the  wilderatf 
to  be  replaced  by  towns,  orchards,  and  gardens.  The  gilded  stsifl 
boats,  like  moving  palaces,  stem  the  force  of  the  current,'  or  sboi 
rapidly  down  the  descending  stream,  through  the  solitudes  of  A 
forests  and  prairies.  Already  does  the  flourishing  population  of  th 
great  valley  far  exceed  that  of  the  thirteen  United  States  when  in 
they  declaired  their  independence.  Such  is  the  state  of  a  contuMS 
where  trees  and  stones  are  hurried  annually,  by  a  thousand  torreatt 
from  the  mountains  to  the  plains,  and  where  sand  and  finer  mstM 
are  swept  down  by  a  vast  current  to  the  sea,  together  with  the  wfid 
of  countless  forests  and  the  bones  of  animals  which  perish  in  tb 
inundations.  When  these  materials  reach  the  gulf,  they  do  ai 
render  the  waters  unfit  for  aquatic  animals;  but,  on  the  coatni) 
the  ocean  here  swarms  with  life,  as  it  generally  docs  where  the  inflas 
of  a  great  river  furnishes  a  copious  supply  of  organic  and  miatfi 
matter.  Yet  many  geologists,  when  they  behold  the  spoils  of  tb 
land  heaped  in  successive  strata,  and  blended  confusedly  with  A 
remains  of  fishes,  or  interspersed  with  J[>rokcn  shells  and  oonb 
when  they  see  portions  of  erect  trunks  of  trees  with  their  lasl 
still  retaining  their  natural  position,  and  one  tier  of  these  piesarfi 
in  a  fossil  state  above  another,  imagine  that  they  are  viewiog  A 
signs  of  a  turbulent  instead  oi  a  tranquil  and.  settled  state  of  A 
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^uet  Tbe^  re&d  in  such  pbenomeaa  the  proof  of  chaotic  disorder 
udreiterUed  ctttutrophes,  instead  of  indications  of  a  surface  as  habit- 
•Ut  u  the  moat  delicious  and  fertile  districts  now  tenanted  by  man. 

DELTA   OF   THB  OANOE8   AND  BBAHJUFOOTIU. 

At  an  example  of  a  still  larger  delta  advancing  upon  tbe  sea 
b  opposition  to  more  powerful  tides,  I  shall  next  describe  that 
df  the  Granges  and  Brahmapootra  (or  Burrampooter).  Tbese,  tbe 
two  principal  rivers  of  India,  descend  from  tbe  highest  mountains 
ia  the  world,  and  partially  mingle  their  waters  in  tbe  low  plains 
of  Hindoostan,  before  reaching  the  bead  of  the  Bay  of  Bengal, 
"Da  Brahmapootra,  somewhat  tbe  larger  of  the  two,  formerly 
pused  to  the  east  of  Dacca,  even  so  lately  as  the  beginning  of  the 
t>Ksent  century,  pouring  most  of  its  waters  into  one  of  the  nu- 
Uerons  channels  in  the  delta  called  "  the  Megna."  By  that  nanw 
Ae  main  stream  was  always  spoken  of  by  Rennell  and  others  in  tbeif 
Bemoirs  on  this  region.  But  tbe  main  trunk  now  unites  with  an  arm 
of  the  Ganges  considerably  higher  up,  at  a  point  about  100  miles 
iinut  from  the  sea ;  and  it  is  constantly,  according  to  Dr.  Hooker, 
voriuQg  its  way  westward,  having  formerly,  as  may  be  seen  by  ancient 
Osps,  moved  eastward  for  a  long  period. 

Tbe  area  of  the  delta  of  the  combined  rivers,  for  it  is  impossible 
■W*  to  distinguish  what  belongs  to  each,  is  considerably  more  than 
^ble  that  of  the  Nile,  even  if  we  exclude  from  the  delta  a  larg^ 
■Zlent  of  low,  flat,  alluvial  plain,  doubtless  of  fluviatile  origin,  which 
■iRtches  more  than  100  milea  to  the  hilla  west  of  Calcutta  (see  map, 
'E-  2S.),  and  much  farther  in  a  northerly  direction  beyond  tbe  bead  of 
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the  great  delta.  The  head  of  a  delta  is  that  point  where  the  first  m 
18  given  off.  Above  that  point  a  river  receives  the  waters  of  tril 
taries  flowing  from  higher  levels ;  below  it,  on  the  contrary,  it  gii 
out  portions  of  its  waters  to  lower  levels  through  channels  which  fk 
into  adjoining  swamps,  or  which  run  directly  to  the  sea.  The  Misi 
sippi,  as  before  described,  has  a  single  head,  which  originated  at 
unknown  period  when  the  Red  River  joined  it.  In  the  great  de 
of  Bengal  there  may  be  said  to  be  two  heads  nearly  equidistant  fin 
the  sea,  that  of  the  Ganges  (g,  map,  fig.  23.),  about  30  miles  bell 
Rajmahal,  or  216  statute  miles  in  a  direct  line  from  the  sea,  and  t& 
of  the  Brahmapootra  (b)  below  Chirapoonjee,  where  the  river  isn 
from  the  Khasia  mountains,  a  distance  of  224  miles  from  the  Bay 
Bengal. 

It  will  appear,  by  reference  to  the  map,  that  the  great  body  of  frei 
water  derived  from  the  two  rivers  enters  the  bay  on  its  eastern  lidl 
and  that  a  large  part  of  the  delta  bordering  on  the  sea  is  composed < 
a  labyrinth  of  rivers  and  creeks,  all  filled  with  salt  water,  except  thoi 
immediately  communicating  with  the  Hoogly,  or  principal  arm  of  d 
Ganges.  This  tract  alone,  known  by  the  name  of  the  Woodi^  fl 
Sunderbunds  (more  properly  Soonderbuns),  a  wilderness  infested  I 
tigers  and  crocodiles,  is,  according  to  Rennell,  equal  in  extent  to  tk 
whole  principality  of  Wales.* 

On  the  sea-coast  there  are  eight  great  openings,  each  of  which  lu 
evidently,  at  some  ancient  period,  served  in  its  turn  as  the  princip 
channel  of  discharge.  Although  the  flux  and  reflux  of  the  tid 
extend  even  to  the  heads  of  the  delta  when  the  rivers  are  low,  ye 
when  they  are  periodically  swollen  by  tropical  rains,  their  volum 
and  velocity  counteract  the  tidal  current,  so  that,  except  very  nei 
the  sea,  the  ebb  and  flow  become  insensible.  During  the  f^oo 
season,  therefore,  the  Ganges  and  Brahmapootra  almost  assume  i 
their  delta  the  character  of  rivers  entering  an  inland  sea ;  the  mon 
mcnts  of  the  ocean  being  then  subordinate  to  the  force  of  the  riTer 
and  only  slightly  disturbing  their  operations.  The  great  gain  of  tt 
delta  in  height  and  area  takes  place  during  the  inundations;  in< 
during  other  seasons  of  the  year,  the  ocean  makes  reprisals,  soouria 
out  the  channels,  and  sometimes  devouring  rich  alluvial  plains. 

Islands  formed  and  destroyed,  —  ^lajor  R.  II.  Colebrooke,  in  h 
account  of  the  course  of  the  Ganges,  relates  examples  of  the  rapi 
filling  up  of  some  of  its  branches,  and  the  excavation  of  new  channel 
where  the  number  of  square  miles  of  soil  removed  in  a  short  tinc 
(the  column  of  earth  being  114  leet  high)  was  truly  astoniahioi 
Forty  square  miles,  or  2.>,60()  acres,  are  mentioned  as  having  bet 
carried  away,  in  one  place,  in  the  course  of  a  few  years,  f  Tl 
immense  transportation  of  earthy  matter  by  the  Ganges  and  Braliro^ 
pootra  is  proved  by  the  great  magnitU(l(»,  of  the  islands  formed  i 
their  channels  during  a  period  far  bhort  of  that  of  a  man*s  life.    tiwB 

*  Accfumt  of  the  Ganj^es  mid  T^nr-        f  Tnin^.  of  the  Asiatic  SocictT,t« 
min])f><itiT    rivers,    bv   Major    Kcuiicll,     vii.  \\  14. 
rhil.  Tr;uis.  1781, 
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of  these,  many  miles  in  extent,  have  originated  in  large  sand-banks 
thrown  up  round  the  points  at  the  angular  turning  of  the  rivers,  and 
tftenrards  insulated  bj  breaches  of  the  streams.  Others,  formed  in 
the  main  channel,  are  caused  by  some  obstruction  at  the  bottom*  A 
Itrge  tree,  or  a  sunken  boat,  is  sometimes  sufficient  to  check  the 
current,  and  cause  a  deposit  of  sand,  which  accumulates  till  it  usurps 
a  considerable  portion  of  the  channel.  The  river  then  undermines  its 
banks  on  each  side,  to  supply  the  deficiency  in  its  bed,  and  the  island 
is  afterwards  raised  by  fresh  deposits  during  every  fiood.  In  the 
great  gulf  below  Luckipour,  formed  by  the  united  waters  of  the 
Ganges  and  Megna,  some  of  the  islands,  says  Rennell,  rival  in  size 
and  fertility  the  Isle  of  Wight.  While  the  river  is  forming  new 
islands  in  one  part,  it  is  sweeping  away  old  ones  in  others.  Those 
newly  formed  are  soon  overrun  with  reeds,  long  grass,  the  Tamarix 
Indica,  and  other  shrubs,  forming  impenetrable  thickets,  where  the 
tiger,  the  rhinoceros,  the  buffalo,  deer,  and  other  wild  animals,  take 
ahelter.  It  is  easy,  therefore,  to  perceive,  that  both  animal  and 
T^etable  remains  may  occasionally  be  precipitated  into  the  flood, 
and  become  imbedded  in  the  sediment  which  subsides  in  the  delta. 

Three  or  four  species  of  crocodile,  of  two  distinct  sub-genera, 
abound  in  the  Ganges,  and  its  tributary  and  contiguous  waters  ;  and 
Mr.  H.  T.  Colebrooke  informed  me,  that  he  had  seen  both  forms  in 
places  far  inland,  many  hundred  miles  from  the  sea.  The  Gangetic 
crocodile,  or  Gavial,  (in  correct  orthography,  Garial,)  is  confined  to 
^he  fresh  water,  living  exclusively  on  fish,  but  the  commoner  kinds, 
called  Koomiah  and  Muggar,  frequent  both  fresh  and  salt,  being 
much  larger  and  fiercer  in  salt  and  brackish  water.*  These  animals 
'^arm  in  the  brackish  water  along  the  line  of  sand-banks,  where  the 
ad?ance  of  the  delta  is  most  rapid.  Hundreds  of  them  are  seen 
together  in  the  creeks  of  the  delta,  or  basking  in  the  sun  on  the 
ahoals  without.  They  will  attack  men  and  cattle,  destroying  the 
natives  when  bathing,  and  tame  and  wild  animals  which  come  to 
^nk.  **  I  have  not  unfrequently,"  says  Mr,  Colebrooke,  "  been  wit- 
^  to  the  horrid  spectacle  of  a  floating  corpse  seized  by  a  crocodile 
y^  such  avidity,  that  he  half  emerged  above  the  water  with  his  prey 
^  his  mouth."  The  geologist  will  not  fail  to  observe  how  peculiarly 
|be  habits  and  distribution  of  these  saurians  expose  them  to  become 
*aibedded  in  the  hori;5ontal  strata  of  fine  mud,  which  are  annually 
deposited  over  many  hundred  square  miles  in  the  Bay  of  Bengal. 
f«e  inhabitants  of  the  land,  which  happen  to  be  drowned  or  thrown 
"*to  the  water,  are  usually  devoured  by  these  voracious  reptiles ;  but 
We  may  suppose  the  remains  of  the  saurians  themselves  to  be  con* 

Carier  referred  the  true  crocodiles  miles  from  Calcutta  ;  C  hiporcatus  ap- 

^the  Ganges  to  a  single  species,  C.  hipor^  pears  to  be  confined  to  the  estuary ;  and 

^J***'   But  I  learn  from  Dr.  Falconer  C.palustris,  to  range  from  the  estuary 

™*t  there  are  three  well-marked  species,  to  the   central  parts  of  Bengal     Tho 

1^*  w/wrco/ii*,  C.  palustria,  and   C.  bom'  Garial  is  found  along  with  C  hombifrons 

"y'ttw.    c,  bombt/rons   occurs    in    tho  in  the  north,  and  descends  to  the  region 

'^^'^bem  branches  of  tho  Ganges,  1000  of  C.  biporcatus  in  tho  estuary* 

T  3 
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UniMDj  entombiBd  In  the  new  formationi.    The  nrnnber, 
hoOm  of  the  pooler  ebus  of  Hindooe  thrown  annnalljpntor; 
Gioges  b  fo  greet,  dutt  eome  of  their  hones  er  akeletone  een 
ML  to  he  oeceejonelly  enreloped  in  flavietile  mud* 

It  iometimes  happen^  et  the  eeason  when  the  periodicel  flood 
lli  height,  that  e  ilrong  gile  of  wind,  oonepiring  with  e  high 
tide^  eheckt  the  deioending  cnirent  of  the  riTer,  end  giTOi 
moat  deatmetive  innndationa.    From  thia  eaiiae»  in  the  year  1761^) 
watera  at  Loekipour  roae  aix  feet  ahore  thdr  ordinarj  levelf 
of  a  eoniiderahle  diatrid^  with  their  honaea  and 
totaUy  awept  away* 

The  population  of  all  oeeanio  deltaa  are  partienlarlj 
anfihr  by  anch  cataatrophes,  recurring  at  conaideraUe  inl 
time  t  and  we  may  safely  assnme  that  snch  tragioal  erenta  haTO 
pened  again  and  again  since  the  Grangetic  delta  waa  inhabited  hyi 
If  homan  experience  and  forethought  cannot  alwaya  goard 
theae  calaodtiea,  still  less  can  the  inferior  animala  aroid  Aemt 
4lie  monomenta  of  auch  diaastrous  innndationa  muat  be  looked 
great  abundance  in  atrata  of  all  ages,  if  the  surface  of  our  phnetl 
nlwaya  been  governed  by  the  aame  laws.  When  we  reflect  enJ 
general  order  and  tranquillity  that  reigns  in  the  rich  and 
delta  of  Bengal,  notwithstanding  the  havoc  occasionally  committed!^ 
the  depredations  of  the  ocean,  we  perceive  how  unnecessary  it  is  I 
attribute  the  imbedding  of  successive  races  of  animals  in  older  stial 
to  extraordinary  energy  in  the  causes  of  decay  and  reprodnctioo  i 
the  infancy  of  our  planet,  or  to  those  general  catastrophes  and  sudds 
revolutions  so  often  resorted  to. 

Deposits  in  the  delta.  —  The  quantity  of  mud  held  in  suspenai 
by  the  waters  of  the  Ganges  and  Brahmapootra  is  found,  as  might  I 
expected,  to  exceed  that  of  any  of  the  rivers  alluded  to  in  this  or  tl 
preceding  chapters ;  for,  in  the  first  place,  their  feeders  flow  fisi 
mountains  of  unrivalled  altitude,  and  do  not  clear  themselves  in  SS 
lakes,  as  does  the  Rhine  in  the  Lake  of  Constance,  or  the  RhoDS  i 
that  of  Greneva.  And,  secondly,  their  whole  course  is  nearer  ^ 
equator  than  that  of  tlie  Mississippi,  or  any  great  river,  respecAi 
which  careful  experiments  have  been  made,  to  determine  the  qoastil 
of  its  water  and  earthy  contents.  The  ioU  of  rain,  moreover,  as  * 
have  before  seen,  is  excessive  on  the  southern  flanks  of  the  first  nia| 
of  mountains  which  rise  from  the  plains  of  Ilindoostan,  andstillttOi 
remarkablo  is  the  quantity  sometimes  poured  down  in  one  day*  (ft 
above,  p.  200.)  The  sea,  where  the  Ganges  and  Brahmapootra  diaehsq 
their  main  stream  at  the  flood  season,  only  recovers  its  transpanii 
at  the  distance  of  from  60  to  100  miles  from  the  delta  ;  and  we  m 
take  for  granted  that  the  current  continues  to  transport  the  finer  (I 
tides  much  farther  south  than  where  the  surface  water  first  becoai 
clear.  The  general  slope,  therefore,  of  the  new  strata  must  be  S 
tremely  gentle.  According  to  the  best  charts»  there  is  a  gmdi 
deepening  from  four  to  about  sixty  fathomsi  as  we  proceed  from  I 
base  of  the  delta  to  the  distance  of  about  one  hundred  milea  inlo  I 
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Baj  of  Bengal.    At  Bome  few  points  seventy,  or  even  one  hundred, 
&thoms  are  obtained  at  that  distance. 

One  remarkable  exception,  however,  occurs  to  the  regularity  of 
the  shape  of  the  bottom.  Opposite  the  middle  of  the  delta,  at  the 
distance  of  thirty  or  forty  miles  from  the  coast,  a  deep  submarine 
valley  occurs,  called  the  "  swatch  of  no  ground,"  about  fifteen  miles  in 
diameter,  where  soundings  of  180,  and  even  300,  fathoms  fail  to  reach 
the  bottom,  (See  map,  p.  275.)  This  phenomenon  is  the  more  extraor- 
dinary, since  the  depression  runs  north  to  within  five  miles  of  the  line 
of  shoals ;  and  not  only  do  the  waters  charged  with  sediment  pass  over 
it  continually,  but,  during  the  monsoons,  the  sea,  loaded  with  mud 
tnd  sand,  is  beaten  back  in  that  direction  towards  the  delta.  As  the 
mud  is  known  to  extend  for  eighty  miles  farther  into  the  gulf,  an 
enormous  thickness  of  matter  must  have  been  deposited  in  "the 
iwatch."  We  may  conclude,  therefore,  either  that  the  original  depth 
of  this  part  of  the  Bay  of  Bengal  was  excessive,  or  that  subsidences 
have  occurred  in  modern  times.  The  latter  conjecture  is  the  less  im- 
probable, as  the  whole  area  of  the  delta  has  been  convulsed  in  the 
historical  asra  by  earthquakes,  and  actual  subsidences  have  taken  place 
in  the  neighbouring  coast  of  Chittagong,  while  "  the  swatch  *'  lies  not 
far  from  the  volcanic  band  which  connects  Sumatra,  Barren  Island, 
*nd  Ramree.* 

Opposite  the  mouth  of  the  Hoogly  river,  and  immediately  south  of 
Saugor  Island,  four  miles  from  the  nearest  land  of  the  delta,  a  new 
Wet  was  formed  about  twenty  years  ago,  called  Edmonstone  Island, 
on  the  centre  of  which  a  beacon  was  erected  as  a  landmark  in  1817. 
h  1818  the  island  had  become  two  miles  long  and  half  a  mile  broad, 
•nd  was  covered  with  vegetation  and  shrubs.  Some  houses  were 
then  built  upon  it,  and  in  1820  it  was  used  as  a  pilot  station.  The 
severe  gale  of  1823  divided  it  into  two  parts,  and  so  reduced  its  size 
^  to  leave  the  beacon  standing  out  in  the  sea,  where,  after  remaining 
■^en  years,  it  was  washed  away.  The  islet  in  1836  had  been 
Averted  by  successive  storms  into  a  sand-bank,  half  a  mile  long,  on 
^hich  a  sea-mark  was  placed. 

Although  there  is  evidence  of  gain  at  some  points,  the  general 
Progress  of  the  coast  is  very  slow  ;  for  the  tides,  when  the  river  water 
M  low,  are  actively  employed  in  removing  alluvial  matter.  In  the 
^underbunds  the  usual  rise  and  fall  of  the  tides  is  no  more  than  eight 
'•^  but,  on  the  east  side  of  the  delta,  Dr.  Hooker  observed,  in  the 
^inter  of  1851,  a  rise  of  from  sixty  to  eighty  feet,  producing  among  the 
^^^ands  at  the  mouths  of  the  Megna  and  Fenny  rivers,  a  lofty  wave 
^''bore"  as  they  ascend,  and  causing  the  river  water  to  be  ponded 
"*ck,  and  then  to  sweep  down  with  great  violence  when  the  tide 
^hbs.  The  bay  for  forty  miles  south  of  Chittagong  is  so  fresh 
*W  neither  algas  nor  mangroves  will  grow  in  it.  We  may,  there- 
fore, conceive  how  effective  may  be  the  current  formed  by  so  great 
^  volume  of  wat«>r  in  dispersing  fine  mud  over  a  wide  area.    Its  power 

•  See  below,  ch,  22.  and  29. 
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ii  JoiiiitfuiM  aqgniented  bj  the  agititioii  of  the  bty  .daring 
itt  tlw  month  of  Maj.  The  new  enperikial  streta  ooodat  entinlf 
ftm  mad  and  niiid;  tneh,  at  kait^  are  the  only  materiala  wUek 
apoaadtoYieir  in  zegaUv  bedt  on  the  banka  of  the  nomecona 
Beitlier  here  nor  higher  np  the  Cbugeay  eoidd  Dr.  Hooker 
any  land  or  freahwater  ahdla  in  aeetiona  <^  the  bankti  whieh  in 
phdna  higher  np  aometiniea  form  diffa  eightj  feet  in  height  nt 
water.  In  like  manner  I  haTO  atated*  that  I  waa  nnkUe  to 
eayhoried  ahella  in  the  delta  or  modem  river  cliffa  of  the  Hiariaaip^ 
•  No  anbatance  ao  coarae  aa  gravel  occnra  in  any  part  of  the 
of  the  Gangea  and  Brahmapootra,  nor  nearer  the  aea  than  400 
Tet  it  ia  remarkable  that  the  boring  of  an  Arteaian  well 
Fort  THUiam,  near  Calcutta,  in  the  yeaiy  1835^1840^ 
at  tiie  depth  of  120  feet,  clay  and  aand  with  pebblea.  Thia 
waa  carried  to  a  depth  of  481  feet  bebw  the  level  of 
and  the  geological  aection  obtained  in  the  operation  haa 
recorded  with  great  care.  Under  the  aurface  aoil,  at  a  deptk 
ahoot  ten  feet,  they  came  to  a  atiff  Uae  day  about  forty  feet 
thiekneaa;  betow  which  waa  aandy  clay,  containing  in  ita 
portion  abundance  of  decayed  veg^ble  matter,  which  at  the 
aaanmed  the  character  of  a  atratum  of  black  peat  two  feet  thit 
Thia  peaty  mass  was  considered  as  a  clear  indication  (like  the  ^dixi* 
bed**  of  Portland)  of  an  ancient  terrestrial  surface,  with  a  forest  or 
Sunderbund  vegetation.  Logs  and  branches  of  a  red-coloured  wood 
occur  both  above  and  immediately  below  the  peat,  so  little  altered 
that  Dr.  Wallich  was  able  to  identify  them  with  the  Soondri  trec^ 
HerUiera  liUoraUs^  one  of  the  most  prevalent  forms  at  the  bate 
of  the  delta.  Dr.  Falconer  tells  me  that  similar  peat  haa  been  met 
with  at  other  points  round  Calcutta  at  the  depth  of  nine  feet  and 
twenty-five  feet  It  appears,  therefore^  that  there  haa  been  a 
sinking  down  of  what  was  originally  land  in  this  region,  to  the 
amount  of  seventy  feet  or  more  perpendicular ;  for  Calcutta  is  only* 
few  feet  above  the  level  of  the  sea,  and  the  successive  peat-beds  vf^ 
to  imply  that  the  subsidence  of  the  ground  was  gradual  or  intcrropted 
by  several  pauses.  Below  the  vegetable  mass  they  entered  upoa  a 
stratum  of  yellowish  clay  about  ten  feet  thick,  containing  horiioDtil 
layers  of  kunkar  (or  kankar),  a  nodular,  concretionary,  argillaoeotf 
limestone,  met  with  abundantly  at  greater  or  less  depths  in  all  peft* 
of  the  valley  of  the  Ganges,  over  many  thousand  square  miles,  tf^ 
always  presenting  the  same  characters,  even  at  a  distance  of  ^ 
thousand  miles  north  of  Calcutta.  Some  of  this  kunkar  ia  said  to  ^ 
of  very  recent  origin  in  deposits  formed  by  river  inundations  V0^ 
Saharanpoor.  After  penetrating  120  feet,  they  found  loam  contai** 
ing  water-worn  fragments  of  mica-slate  and  other  kinds  of  roek» 
which  the  current  of  the  Ganges  can  no  longer  transport  to  diii 
region.  In  the  various  beds  pierced  through  bebw,  conaisting  of 
clay,  marl,  and  friable  sandstone,  with  kunkar  here  and  there  ia* 
termixed,  no  organic  remains  of  decidedly  marine  origin  were  laet 

•  Second  Tiut  to  the  United  States,  vol  il  p.  lU. 
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Too  positive  a  conclusion  oaght  not,  it  is  true,  to  be  drawn 
such  a  fact,  when  we  consider  the  narrow  bore  of  the  auger  and 
feet  in  crushing  shells  and  bones.  Nevertheless,  it  is  worthy  of 
rk,  that  the  only  fossils  obtained  in  a  recognizable  state  were  of 
'iatile  or  terrestrial  character.  Thus,  at  the  depth  of  350  feet, 
my  shell  of  a  tortoise,  or  trionyx,  a  freshwater  genus,  was  found 
nd,  resembling  the  living  species  of  Bengal.  From  the  same 
im,  also,  they  drew  up  the  lower  half  of  the  humerus  of  a  ruminant, 
St  referred  to  a  hyaena.  It  was  of  the  size  and  shape,  says 
alconer,  of  the  shoulder  bone  of  the  Cervtts  porcintis,  or  common 
leer,  of  India.  At  the  depth  of  380  feet,  clay  with  fragments  of 
;rine  shells  wns  incumbent  on  what  appears  clearly  to  have  been 
er  "  dirt-bed,"  or  stratum  of  decayed  wood,  implying  a  period  of 
e  of  some  duration,  and  a  forest-covered  land,  which  must  have 
led  300  feet,  to  admit  of  the  subsequent  superposition  of  the 
fing  deposits.  It  has  been  conjectured  that,  at  the  time  when 
irea  supported  trees,  the  land  extended  much  farther  out  into 
3ay  of  Bengal  than  now,  and  that  in  later  times  the  Ganges, 
\  enlarging  its  delta,  has  been  only  recovering  lost  ground  from 
ea. 

;  the  depth  of  about  400  feet  below  the  surface,  an  abrupt  change 
)bserved  in  the  character  of  the  strata,  which  were  composed  in 
;  part  of  sand,  shingle,  and  boulders,  the  only  fossils  observed 
;  the  vertebraa  of  a  crocodile^  shell  of  a  trionyx,  and  fragments 
ood  very  little  altered,  and  similar  to  that  buried  in  beds  far 
e.  These  gravelly  beds  constituted  the  bottom  of  the  section  at 
depth  of  481  feet,  when  the  operations  were  discontinued  in 
equence  of  an  accident  which  happened  to  the  auger, 
be  occurrence  of  pebbles  at  the  depths  of  120  and  400  feet  im- 
an  important  change  in  the  geographical  condition  of  the  region 
nd  or  near  Calcutta.  The  fall  of  the  river,  or  the  general  slope 
le  alluvial  plain,  may  have  been  formerly  greater ;  or,  before  a 
Tal  and  perhaps  unequal  subsidence,  hills  once  nearer  the  present 
of  the  delta  may  have  risen  several  hundred  feet,  forming  islands 
le  bay,  which  may  have  sunk  gradually,  and  become  buried  under 
iatile  sediment. 

ntiquily  of  the  delta, — It  would  be  a  matter  of  no  small  scientific 
rest,  if  experiments  were  made  to  enable  us  to  determine,  with 
3  degree  of  accuracy,  the  mean  quantity  of  earthy  matter  discharged 
lally  into  the  sea  by  the  united  waters  of  the  Ganges  and  Brah- 
ootra.  The  Rev.  Mr.  Everest  instituted,  in  1831-2,  a  series  of 
rvaiions  on  the  earthy  matter  brought  down  by  the  Ganges,  at 
zepoor,  500  miles  from  the  sea.  He  found  that,  in  1831,  the 
ber  of  cubic  feet  of  water  discharged  by  the  river  per  second  at 
place  was  during  the 

Rains  (4  months)     ...  -    494,208 

Winter  (5  months)  -  -  -       71,200 

Hot  weather  (3  months)      ...      36,330 
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80  that  we  may  state  in  round  numbers  that  500,000  cubio  feet  per 
second  flow  down  during  the  four  months  of  the  flood  season,  from 
June  to  September,  and  less  than  60,000  per  second  during  the  re- 
maining eight  months. 

The  average  quantity  of  solid  matter  suspended  in  the  water  during 
the  rains  was,  by  weight,  fl-gth  part ;  but  as  the  water  is  about  one 
half  the  speciflc  gravity  of  the  dried  mud,  the  solid  matter  discharged 
is  -g-^th  part  in  bulk,  or  577  cubic  feet  per  second.  This  gives  s 
total  of  6^aS2,041,600  cubic  feet  for  the  discharge  in  the  122  days  of 
the  rain.  The  proportion  of  sediment  in  the  waters  at  other  seasons 
was  comparatively  insignificant,  the  total  amount  during  the  fi^'e 
winter  months  being  only  247,881,600  cubic  feet,  and  during  the  | 
three  months  of  hot  weather  38,154,240  cubic  feet.  The  total  annual  ] 
discharge,  then,  would  be  6,368,077,440  cubic  feet.  i 

This  quantity  of  mud  would  in  one  year  raise  a  surface  of  228J 
square  miles,  or  a  square  space,  each  side  of  which  should  measure 
15  miles,  a  height  of  one  foot.  To  give  some  idea  of  the  magnitude 
of  this  result,  we  will  assume  that  the  specific  gravity  of  the  dried 
mud  is  only  one  half  that  of  granite  (it  would,  however,  be  more): 
in  that  case,  the  earthy  matter  discharged  in  a  year  would  equal 
3,184,038,720  cubic' feet  of  granite,  ^'ow  about  12^  ciibir.  feet  of 
prauite  wei2;h  one  ton  ;  and  it  is  computt'd  that  the  ureat  Pyramid  uf 
Kgypt,  if  it  were  a  solid  mass  of  granite,  would  wtjigh  about  (),()O(\000 
tons.  Th(»  mass  of  matter,  therefore,  carrir'd  down  annually  wouM. 
according  to  this  estimate,  more  than  equal  in  weicrht  and  bulk  forty- 
two  of  tlie  great  pyramids  of  Egypt,  and  that  borne  down  in  the  f«)ijr 
months  of  the  rains  would  equal  forty  pyramids.  But  it",  without 
any  conjecture  as  to  what  may  have  bec^n  tlie  specific  gravity  of  th' 
mud,  we  attend  merely  to  the  weight  of  solid  matter  actually  pn>vt^l 
by  Mr.  P^verest  to  have  been  contained  in  the  water,  w<'  find  that  the 
number  of  tons  weifjht  which  passed  down  in  the  122  days  of  th^ 
rainy  season  was  «J.'^y,413,T()0,  which  would  give  the  weight  of  finj' 
six  pyramids  and  a  half;  and  in  tlie  whole  year  I}J3,361,4G4  tons  t-r 
nearly  the  weight  of  sixty  pyramids. 

'J'he  bas(}  of  the  great  IVramid  of  Kgvpt  covers  eleven  acre?.  ar.«i 
its  perpendicular  height  is  about  live  hundred  feet.     It  is  scan»W 
possihh;  to  present  any  picture  to  th^^  nnnd  which  will  convey  an  a'i* 
erjuate  conception  of  the  mi;ihty  scale  of  this  operation.  >•>  tranquilly 
and  almost  insensibly  carried  on  by  the  Ganges,  as  it  glides  thn»ugh 
its  alluvial  plain,  even  at  a  distance  of  oOO  niih's  from  the  :»ea.    I^ 
mav,  however,  he  stated,  that  if  a  lleet  of  more  than  eij2:htv  Indianien. 
each   frei^rhted  with   about   1  100  tons'  wtiirht  of  mud,  were  to  sail 
down  the  river  every  hour  of  every  day  and  night  for  four  montl.? 
continuously,  they  would  only  transport  IVoni  the  hiizher  (Miuntrv  to 
the   tta   a  mass  of  solid   niatl«r   rtjual   to   that   borne   down   by  the 
(iaui^rs,  even  in  this  part  (»f  its  course,  in  the  lour  months  of  the  ilv><Hl 
season.     Or  the  exertions  of  a  Ihvt  of  about  *AX)0  such  ^hips  goiaz 
down  daily  with  the  same  burden,  and  discharging  it  into  the  gulf, 
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^^old  be  no  more  than  equivalent  to  the  operations  of  the  great 
iver. 

The  most  voluminons  current  of  lava  which  has  flowed  from  Etna 
rithin  historical  times  was  that  of  1669.  Ferrara,  after  correcting 
torelli's  estimate,  calculated  the  quantity  of  cubic  yards  of  lava  in 
bis  current  at  140,000,000.  Now,  this  would  not  equal  in  bulk  one 
fth  of  the  sedimentary  matter  which  is  carried  down  in  a  single  year 
y  the  Ganges,  past  Ghazepoor,  according  to  the  estimate  above  ex- 
lained  ;  so  that  it  would  require  five  grand  eruptions  of  Etna  to 
ansfer  a  mass  of  lava  from  the  subterranean  regions  to  the  surface, 
[oal  in  volume  to  the  mud  earned  down  in  one  year  to  that  place. 
Captain  R.  Strachey,  of  the  Bengal  Engineers,  has  remarked  to  me, 
)t  only  that  Ghazepoor,  where  Mr.  Everest's  observations  were 
ade,  is  500  miles  from  the  sea,  but  that  the  Ganges  has  not  been 
ined  there  by  its  most  important  feeders.  These  drain  upon  the 
dole  750  miles  of  the  Himalaya,  and  no  more  than  150  miles  of  that 
duntain-chain  have  sent  their  contributions  to  the  main  trunk  at 
hazepoor.  Below  that  place,  the  Ganges  is  joined  by  the  Gogra, 
unduk,  Ehosee,  and  Teesta  from  the  north,  to  say  nothing  of  the 
me  flowing  from  the  south,  one  of  the  largest  of  the  rivers  which 
le  in  the  table-land  of  central  India.  (See  map,  fig.  25.  p.  275.) 
oreover  the  remaining  600  miles  of  the  Himalaya  comprise  that 
stern  portion  of  the  basin  where  the  rains  are  heaviest.  (  See  above, 
200.)  The  quantity  of  water  therefore  carried  down  to  the  sea 
ay  probably  be  four  or  five  times  as  much  as  that  which  passes 
hazepoor. 

The  Brahmapootra,  according  to  Major  Wilcox*,  in  the  month  of 
inuary,  when  it  is  near  its  minimum,  discharges  150,000  cubic  feet 
'  water  per  second  at  Gwalpara,  not  many  miles  above  the  head  of 
I  delta.  Taking  the  proportions  observed  at  Ghazepoor  at  the  dif- 
rent  seasons  as  a  guide,  the  probable  average  discharge  of  the 
rahmapootra  for  the  whole  year  may  be  estimated  at  about  the 
me  as  that  of  the  Ganges.  Assuming  this ;  and  secondly,  in  order 
'  avoid  the  risk  of  exaggeration,  that  the  proportion  of  sediment  in 
leir  waters  is  about  a  third  less  than  Mr.  Everest's  estimate,  the  mud 
nue  down  to  the  Bay  of  Bengal  in  one  year  would  equal  40,000 
illions  of  cubic  feet,  or  between  six  and  seven  times  as  much  as 
lat  brought  down  to  Ghazepoor,  according  to  Mr.  Everest's  calcu- 
tions  in  1831,  and  ten  times  as  much  as  that  conveyed  annually  by 
le  Mississippi  to  the  Gulf  of  Mexico. 

Captain  Strachey  estimates  the  annually  inundated  portion  of  the 
slta  at  250  miles  in  length  by  80  in  breadth,  making  an  area  of 
),000  square  miles.  The  space  south  of  this  in  the  bay,  where 
idiment  is  thrown  down,  may  be  300  miles  from  E.  to  W.  by  150 
'.  and  S.,  or  45,000  square  miles,  which,  added  to  the  former,  gives  a 
irface  of  65,000  square  miles,  over  which  the  sediment  is  spread 

*  Asiatic  Researches,  vol.  xvii.  p.  466, 
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out  by  the  two  rivers.  Suppose  then  the  solid  matter  to  amo^ 
to  40,000  millions  of  cubic  iect  per  annum,  the  deposit,  he  • 
serves,  must  be  continued  for  forty-five  years  and  three  tenths 
raise  the  whole  area,  a  height  of  one  foot,  or  13,600  years  to  raisB4 
300  feet;  and  this,  as  we  have  seen,  is  much  less  than  the  thickness 
the  fluviatile  strata  actually  penetrated,  (and  the  bottom  not  rcacLi< 
by  the  auger  at  Calcutta. 

Nevertheless  we  can  by  no  means  deduce  from  these  data  aloi 
what  will  be  the  future  rate  of  advance  of  the  delta,  nor  even  predJ 
whether  the  land  will  gain  on  the  sea,  or  remain  stationary.  At  d! 
end  of  1 3,000  years  the  bay  may  be  less  shallow  than  now,  provide 
a  moderate  d<'pression,  corresponding  to  that  experienced  in  part  c 
Greenland  for  many  centuries  shall  take  place  (see  chap.  30.).  i 
subsidence  quite  insensible  to  the  inhabitants  of  Bengal,  nut  ex 
ceeding  two  feet  three  inches  in  a  century,  would  be  more  thai 
sufficient  to  counterbalance  all  the  elforts  of  tlio  two  mighty  river 
to  extend  the  limits  of  their  delta.  "We  have  seen  that  the  Artesili 
borings  at  Calcutta  attest,  what  the  vast  depth  of  the  "  swatch 
may  also  in  all  likelihood  indicate,  that  tlie  antagonist  force  e 
subsidence  has  predominated  for  ages  over  the  influx  of  fluvistil 
mud,  preventing  it  from  raising  the  plains  of  Bengal,  or  from  fillinj 
up  a  larger  portion  of  the  bay. 

CONCLUDING  REMARKS   ON   DELTAS. 

Convergence  of  deltas, — If  we  possessed  an  accurate  scries  of  map 
of  tlie  Adriatic  ibr  many  thousand  years,  our  retrospect  wouhl,  with 
out  doubt,  carry  us  gradually  back  to  the  time  when  the  number < 
rivers  descending  from  the  mountains  into  that  gulf  by  independef 
deltas  was  far  greater  in  number.  The  deltas  of  the  l*o  and  tb 
Adige,  for  instance,  would  separate  themselves  within  tlie  recaU^Tt 
as,  in  all  probability,  would  those  of  tlic  Isonzo  and  the  Torre.  1 
on  the  other  liand,  we  speculate  on  future  ehaniro.^,  we  may  anticipa^ 
the  period  when  the  number  of  deltas  will  greatly  diminish;  fortli 
Vo  cannot  continue  to  encroach  at  the  rate  of  a  mile  in  a  hunJrc 
years,  and  other  rivers  to  gain  as  much  in  six  or  seven  centuries  upo 
the  shallow  gulf,  without  new  junctions  occurring  from  time  to  time 
so  that  Kridanus,  *"tlie  king  of  rivers,"  will  continually  boast  a  great* 
number  of  tributaries.  The  Ganges  and  the  Brahmapootra  hft^ 
perhaps  become  partially  conlluent  in  the  same  delta  within  the  hi 
torical,  or  at  least  within  the  human,  era  ;  an«l  the  date  of  the  junolii 
of  th(i  Ked  Kiver  and  the  ^Mississippi  wouhl,  in  all  likelihood,  ha' 
been  known,  if  America  had  not  been  so  reeentlv  discovered.  T! 
union  of  the  Tigris  an<l  the  Kuj)hrates  must  undoubtedly  have  l^e 
one  of  the  modern  geographical  changes  of  our  Earth,  for  C 
Ivawlinson  informs  me  that  the  delta  of  those  rivers  has  advanced  V 
miles  in  the  last  sixty  years,  and  is  supposed  to  have  encroach 
about  forty  miles  upon  the  Gulf  of  Persia  in  the  course  of  the  h 
twenty-five  centuries. 
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yfbta  Ae  deltas  of  riven.  harii^BaHrHDathi,eonTa*e^a|MTtuI 
mioo  *i  first  takes  place  b;  the  conBu^we  ol  acme  use  or  man  of 
tlieir  inns ;  but  it  is  not  until  the  ania  tnmka  are  eoanected  above 
ibe  bead  of  tbe  common  delta,  that  a  eonplete  intosixtBR  at  their 
joial  waters  and  gedimeot  takes  place.  Tbe  aiuoa,  tbocfore^  of  the 
Fd  lad  Adige,  and  of  tbe  GiaDgea  and  &abBupoatn,  is  ttul  ineatm- 
plete.  If  we  reflect  od  tbe  geographical  extent  of  Hufaee  dnia«c  br- 
tirera  such  as  now  enter  tbe  Baj  of  Bengal,  and  then  coaxictr  bov 
complete  the  blending  together  of  tbe  greater  part  f£  their  tianfpcrle-i 
natter  has  already  become,  and  throi^lioDt  bov  vast  a  delu  ;t  ii 
ipreid  hj  numeroaa  arms,  we  no  longer  leel  to  mneb  rarprise  at  the 
uta  occupied  b;  some  ancient  formations  of  homogeneoiu  mi»iTal 
Mmpositioa.  But  oar  snrprise  will  be  still  Euther  leaseaed,  mha 
M  afterwards  inquire  (cb.  21.)  into  the  action  of  tides  and  cnmnts 
in  disseminating  sediment. 

Age  of  exUling  dtUat.  —  If  we  could  take  for  granted,  that  tbe  i«Ia- 
tiie  level  of  land  and  sea  bad  remained  staticMurj  ever  snce  all  the 
uistiQg  deltas  began  to  be  formed  — could  we  aanme  that  il^ir 
growth  commenced  at  one  and  the  nme,  instant  when  the  present 
MDtinents  acquired  their  actual  shape — we  might  nnderitaad  tbe 
Itagu^e  of  geologists  who  speak  <^  "the  epoch  of  existing  cooti- 
neDtL"  Tbey  endeavour  to  calculate  tbe  age  of  deltas  Iran  this 
imaginary  fixed  period ;  and  they  calculate  the  gain  of  new  bud  apes 
ibe  tea,  at  the  mouths  of  rivers,  as  having  b^un  ererywhcre  >imal' 
Uneonsly.  But  tbe  more  we  study  the  history  of  ddtas,  the  more  we 
1*ecofiie  convinced  that  upward  and  downward  movements  of  tbe  la:^d 
ud  contiguous  bed  of  the  sea  have  exerted,  and  continue  to  exen,  an 
iofluence  on  the  physical  gec^raphy  of  many  hydrograpfaical  bsMBi, 
(■a  a  scale  comparable  in  magnitude  or  importance  to  tbe  amount  of 
floTiatile  deposition  eficcted  in  an  equal  lapse  of  time.  In  the  buu 
^  tbe  Mississippi,  for  example,  proofs  both  of  dcKeoding  and  aaeend- 
^  iDovements  to  a  vertical  amount  of  several  hundred  feet  eaa  be 
■liDirD  to  have  taten  place  since  the  existing  speciea  of  land  sod 
frfsliwBter  shells  lived  in  that  region." 

Tlie  deltas  also  of  tbe  Fo  and  Ganges  have  each,  as  we  have  teen 
(p-  £^7.),  when  probed  by  tbe  Artesian  anger,  borne  tetlim'.ny 
to  a  gradual  subsidence  of  land  to  the  extent  of  several  hnndr^  f^^H 
'-old  terrestrial  surfaces,  turf,  peat,  forest-land,  and  "din-Led*," 
liaring  been  pierced  at  various  depths.  The  changes  of  fcvel  at  tte 
mouth  of  the  Indus  in  Cutch  (see  below,  chap.  27.^  and  il.-j«e  of 
A'ew  lladrid  in  tlie  valley  of  the  llississippi  (see  p.  270.  aiid  disp. 
27.),  arc  equally  instructive,  as  demonstrating  nnc(:'asin;;  fliictDaii(.Di 
in  the  levels  of  those  areas  into  which  running  water  is  tranjpr.ning 
sediment.  If,  therefore,  the  exact  age  of  all  modern  deltas  coaM  be 
known,  it  is  scarcely  probable  that  we  should  find  any  two  of  them  in 
the  world  to  have  coincided  in  dat^  or  in  the  time  when  their  earliest 
dcpouta  originated. 

•  Lyell'i  Steond  ViMt  to  ike  VmHd  Suia^  vd  ii.  ftop  u. 
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'  Qrigrfiy  ^ mtmrn  m  Ataot.^ The  diaiiget  which  hftve 
pkM  ia  ddti%  erai  wifthin  the  timai  of  hittorji  maj  soggott 
important  eoDfidentioiM  in  regard  to  the  mtniier  in 
•adinieat  it  diatribtttecL  With  tfie  ezoeptlon  of  urnie 
to  bo  notioed,  there  are  aome  general  iawi  of  arraagemettt  wl 
anal  eddentfjhold  good  in  alawat  all  the  lakea  and  aeaa  now 
vp.  If  a  lake^  for  esampley  be  encircled  on  two  ndes  by  loftf 
tafaM^  receiTing  from  tliem  manj  xiTera  and  torrents  of  difoent 
and  if  it  be  boonded  on  the  other  aide^  where  the  anrplna 
i8Biie>  1^  a  oomparatiTelj  low  eoontrjry  it  ia  not  diffleoU  to 
aoane  of  the  leading  geological  featores  which  must  charactariae 
laeoitrine  fbrmaiiony  when  this  basin  shall  haTo  been  gmdvallf 
ferted  into  dry  land  bj  the  influx  of  sediment  The  strata  wonld 
divisible  into  two  principal  groups  i  the  cUkr  comprising 
deposits  which  originated  on  the  side  adljoining  the  mountains^ 
nwneroas  ddtas  flrit  b^gan  to  form;  and  the  neiMr  gtoop 
of  beds  depoaited  in  the  more  oentral  parts  of  the  baain,  and 
the  side  farthest  from  the  mountains.  The  following 
would  form  the  principal  marks  of  distinction  between  the  atiata' 
each  series:*— The  more  ancient  system  would  be  conqMisedp  for 
most  part)  of  coarser  materials,  containing  many  beds  of  pebbles 
sand,  often  of  great  thickness,  and  sometimes  dipping  at  a  consider* 
able  angle.  These,  with  associated  beds  of  finer  ingredients,  wonU| 
if  traced  round  the  borders  of  the  basin,  be  seen  to  vary  greatly  in 
colour  and  mineral  composition,  and  would  also  be  very  irreguhu*  in 
thiduie8s«  The  beds,  on  the  contrary,  in  the  newer  group,  would 
consist  of  finer  particles,  and  would  be  horizontal,  or  very  slightly  in* 
dined.  Their  colour  and  mineral  composition  would  be  Tery  hoaMH 
geneous  throughout  large  areas,  and  would  difier  from  almost  all  thi 
separate  beds  in  the  older  series. 

The  following  causes  would  produce  the  diversity  here  alluded  ta 
between  the  two  great  members  of  such  lacustrine  formations :  -^ 
When  the  rivers  and  torrents  first  reach  the  edge  of  the  lake,  thi 
detritus  washed  down  by  them  from  the  adjoining  heights 
Once  into  deep  water,  all  the  heavier  pebbles  and  sand  subsiding 
the  shore.  The  finer  mud  is  carried  somewhat  farther  out,  but  nsl 
to  the  distance  of  many  miles,  for  the  greater  part  may  be  seen,  a% 
for  example,  where  the  Rhone  enters  the  Lake  of  Gheneva,  to  (Ul 
down  in  clouds  to  the  bottom,  not  far  from  the  river's  mouth.  Thai 
alluvial  tracts  are  soon  formed  at  the  mouths  of  every  torrent  and 
river,  and  many  of  these  in  the  course  of  ages  become  of  conridersbla 
extent.  Pebbles  and  sand  are  then  transported  farther  from  the 
mountains ;  but  in  their  passage  they  decrease  in  size  by  attrition 
and  are  in  part  converted  into  mud  and  sand.  At  length  some  of  thi 
numerous  deltas,  which  are  all  directed  towards  a  commcm  eenti% 
approach  near  to  each  other ;  those  of  adjoining  torrenta 
united,  and  each  is  merged,  in  its  turn,  in  the  delta  of  the 
river,  which  advances  most  rapidly  into  the  lake,  and  rendera  all  tha 
minor  streams^  one  after  the  other,  ita  tributaries.    The*  Tariooi 
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mineral  ingredieiits  of  all  are  thus  blended  together  into  one  homo- 
geDeoas  mixtore,  and  the  sediment  is  poured  out  from  a  common 
channel  into  the  lake. 

As  the  average  size  of  the  transported  particles  decreases,  while 
the  force  and  volume  of  the  main  river  augments,  the  newer  deposits 
are  diffused  continually  over  a  vrider  area,  and  are  consequently  more 
horizontal  than  the  older.  When  at  first  there  were  many  indepen- 
dent deltas  near  the  borders  of  the  basin,  their  separate  deposits 
differed  entirely  from  each  other ;  one  may  have  been  charged,  like 
the  Arve  where  it  joins  the  Rhone,  with  white  sand  and  sediment 
derived  from  granite  —  another  may  have  been  black,  like  many 
streams  in  the  Tyrol,  flowing  from  the  waste  of  decomposing  rocks 
of  dark  slate  —  a  third  may  have  been  coloured  by  ochreous  sediment, 
lil^e  the  Red  River  in  Louisiana  —  a  fourth,  like  the  £lsa  in  Tuscany, 
may  have  held  much  carbonate  of  lime  in  solution.  At  first  they 
would  each  form  distinct  deposits  of  sand,  gravel,  limestone,  marl,  or 
other  materials  ;  but,  after  their  junction,  new  chemical  combinations 
and  a  distinct  colour  would  be  the  result,  and  the  particles,  having 
heen  conveyed  ten,  twenty,  or  a  greater  number  of  miles  over  alluvial 
plains,  would  become  finer. 

In  those  deltas  where  the  tides  and  strong  marine  currents  interfei'e; 
the  above  description  would  only  be  applicable,  with  certain  modifi- 
^tions.  If  a  series  of  earthquakes  accompany  the  growth  of  a  delta, 
and  change  the  levels  of  the  land  from  time  to  time,  as  in  the  region 
where  the  Indus  now  enters  the  sea,  the  phenomena  will  depart  still 
Oiore  widely  from  the  ordinary  type.  If,  after  a  protracted  period  of  rest, 
*  delta  sink  down,  pebbles  may  be  borne  along  in  shallow  water  near 
the  foot  of  the  boundary  hills,  so  as  to  form  conglomerates  overlying 
the  fine  mud  previously  thrown  into  deeper  water  in  the  same  area. 

(Sautes  of  stratification  in  deltas.  —  The  stratified  arrangement, 
^hich  is  observed  to  prevail  so  generally  in  aqueous  deposits,  is  most 
"^oently  due  to  variations  in  the  velocity  of  running  water,  which 
^not  sweep  along  particles  of  moils  than  a  certain  size  and  weight 
when  moving  at  a  given  rate.  Hence,  as  the  force  of  the  stream 
angments  or  decreases,  the  materials  thrown  down  in  successive 
'ajers  at  particular  places  are  rudely  sorted,  according  to  their 
dimensions,  form,  and  specific  gravity.  Where  this  cause  has  not 
0{)erated,  as  where  sand,  mud,  and  fragments  of  rock  are  conveyed 
hjr  a  glacier,  a  confused  heap  of  rubbish  devoid  of  all  stratification  is 
produced. 

Natural  divisions  are  also  occasioned  in  deltas,  by  the  interval  of 
time  which  separates  annually  the  deposition  of  matter  during  the 
periodical  rains,  or  melting  of  the  snow  upon  the  mountains.  The 
deposit  of  each  year  may  acquire  some  degree  of  consistency  before 
that  of  the  succeeding  year  is  superimposed.  A  variety  of  circum- 
stances also  give  rise  annually,  or  sometimes  from  day  to  day,  to 
slight  variations  in  colour,  fineness  of  the  particles,  and  other  charac- 
ters, by  which  alternations  of  strata  distinct  in  texture^  and  mineral 
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ingredients,  must  be  produced.  Thus,  for  example,  at  one  perii 
tlie  year,  drift  wood  may  be  carried  down,  and,  at  another,  mutf^ 
was  before  stated  to  be  the  case  in  tlie  delta  of  the  Mississippi ;  c^t" 
one  time,  when  the  volume  and  velocity  of  the  stream  are  greaMv 
pebbles,  and  sand  may  be  spread  over  a  certain  area,  over  whieA 
when  the  waters  are  low,  fine  matter  or  chemical  precipitates  u^ 
formed.  During  inundations,  the  turbid  current  of  fresh  water  ofte^ 
repels  the  sea  for  many  miles ;  but  when  the  river  is  low,  salt  watef 
again  occupies  the  same  space.  When  two  deltas  are  converging, 
the  intermediate  space  is  often,  for  reasons  before  explained,  alter- 
nately the  receptacle  of  different  sediments  derived  from  the  con- 
verging streams  (see  p.  272.).  Tlie  one  is>  perhaps,  charged  witli 
calcareous,  the  other  with  argillaceous  matter ;  or  one  sweeps  dowi 
rand  and  pebbles,  the  other  impalpable  mud.  These  differences  ma] 
be  repeated,  with  considerable  regularity,  until  a  thickness  of  hun 
dredsof  feet  of  alternating  beds  is  accumulated.  The  multiplication 
also,  of  shells  and  corals  in  particular  spots,  and  for  limited  periodi 
gives  rise  occasionally  to  lines  of  separation,  and  divides  a  mas 
which  might  otherwise  be  homogeneous  into  distinct  strata. 

An  examination  of  the  shell  marl  now  forming  in  the  Scotch  lakei 
or  the  sediment  termed  "  warp,"  wliich  subj^idos  from  the  mudd; 
water  of  the  Ilumber  and  otlujr  rivers,  shows  that  recent  deposit 
arc  often  composed  of  a  great  number  of  extremely  thin  layers,  eithe 
even  or  slightly  undulating,  and  ])res(Tvinjr  a  general  parallelism  t 
tho  planes  of  stratification.  Sometimes,  however,  thu  laminae  ii 
modern  strata  are  disposed  diagonally  at  a  considerable  angle,  whiol 
appears  to  take  place  where  there  are  conflieting  movements  in  th 
waters.  In  January,  1S29,  I  vi.sitod,  in  company  with  Professo 
L.  A.  Necker,  of  Geneva,  the  confluence  of  the  Khone  and  Arve 
when  those  rivers  were  very  low,  and  were  cutting  channels  thruugl 
the  vast  heai)S  of  debris  thrown  down  from  the  waters  of  the  Arv< 
in  the  preceding  spring.  One  of  th(»  sand-banks  whieh  had  formed 
in  the  spring  of  1828,  where  the  opposini::  currents  of  the  two  river 
neutralized  each  othor,  and  caused  a  retardation  in  the  motion,  ha( 
been  undermined ;  and  the  following  is  an  exact  representation  o 
the  arrangement  of  lamina*  exj)osed  in  a  vertical  seetion.  The  Un:;tl 
of  the  portion  here  seen  is  about  twelve  feet,  and  the  height  tivo 
Th(^  strata  A  A  consist  of  irregular  alternations  of  pebhles  and  sum 
in  un<lulatin2f  beds  :  below  these  an?  seams  of  verv  line  san«l  i»B 
some  !is  thin  a-s  paper,  otlnTS  about  a  (piarter  of  an  ineh  thiek.  Tin 
strata  cc  are  eonipn^jcd  of  layers  of  line  greenish-grey  sand  as  thii 
a«*  paper.  Some  of  the  inclined  beds  will  be  .seen  to  be  thicker  a 
their  upper,  otluTs  at  their  lower  extremity,  the  inclination  of  somi 
bein;'  vcrv  consiilerahle.  These  la  vers  must  have  aeeumulated  on 
on  the  oth<T  by  lateral  ap|)»)sitif)n,  |»n)i)al)ly  whi-n  i>\\\\  of  the  river 
was  very  gradually  inenasing  or  diminishing  in  v<'lneity,  so  that  ih 
point  of  great<'>t  retardation  <'anscd  by  their  eonllieiing  eurn-nl 
shifted  slowly,  allowing  the  sediment  to  be  thrown  down  in  succcsiiv 
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trnjera  on  a  sbping  bank.    The  same  pbenomeDon  is  exhibited  i 
older  strata  of  all  sgea." 


If  the  bed  of  a  lake  or  of  the  sea  be  sinking,  whether  at  a  uni- 
form or  an  unequal  rate,  or  oscillating  in  level  during  the  deposi- 
tioD  of  sediment,  these  moTemcnte  nill  give  rise  to  a  different  class 
■n  phenomena,  as,  for  example,  to  repeated  alternations  of  shallow- 
nter  and  deep-nater  deposits,  each  with  peculiar  organic  remainB, 
w  Id  frequent  repetitions  of  similar  beds,  formed  at  a  uniform  depth, 
^'^  inclosing  the  same  organic  remains,  and  to  other  results  too  com- 
plicated and  varied  to  admit  of  enumeration  here. 

formation  of  conglomerates.  —  Along  the  base  of  the  Maritime 
"'p*,  between  Toulon  and  Genoa,  the  rivers,  with  few  eKceptioQS, 
"«  now  forming  elrata  of  conglomerate  and  sand.  Their  channels 
^  often  several  miles  in  breadth,  some  of  them  being  dry,  and  the 
'^  euily  forded  for  nearly  eight  months  in  the  year,  whereas  during 
the  melting  of  the  snow  they  are  swollen,  and  a  great  transportation 
™  tnnd  and  pebbles  takes  place.  In  order  to  keep  open  the  main 
^i  from  France  to  Italy,  now  carried  along  the  sea-coast,  it  is 
"Bcesnry  to  remove  annually  great  masses  of  shingle  brought  down 
QHtiog  the  flood  season.  A  portion  of  tlie  pebbles  are  seen  in  some 
"Kalities,  as  near  Nice,  to  form  beds  of  sliingle  along  the  shore,  but 
^  greater  part  are  swept  into  a  deep  sea.  The  small  progress  made 
V  the  deltas  of  minor  rivers  on  this  coast  need  not  surprise  us,  when 
*e  recollect  that  there  is  sometimes  a  depth  of  two  thousand  feet  at 
I  few  hundred  yards  from  the  beach,  as  near  Nice.  Similar  observa* 
tioDS  might  be  made  respecting  a  large  proportion  of  the  rivers  in 
Sicily,  end,  among  others,  reepecling  that  which,  immediately  north  of 
the  port  of  Messina,  hurries  annually  vast  masses  of  granitic  pebbles 
into  the  sea. 

Contlant  interchange  of  land  and  sea.  —  I  may  here  conclude  my 
remarks  on  deltas,  observing  that,  imperfect  as  is  our  information 
of  the  changes  which  they  have  undergone  within  the  last  three 
thousand  years,  they  are  sufficient  to  show  how  constant  an  inter- 
cfaasge  of  sea  and  land  is  taking  place  on  the  face  of  our  globe.     In 

*  See  Manual  of  Gwlogy  \ij  the  Author. 
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the  MeditcrraDeao  alone,  many  flourishing  inland  towns  ^nd  *  Mil 
greater  number  of  ports,  now  stand  wbere  the  sea  roiled  its  wftm 
since  the  era  of  the  earl/  civilizatioii  of  Europe.  If  we  cnuld  com- 
pare with  equal  accuracy  the  ancient  and  actual  state  of  all  At 
islands  and  continents,  we  should  probahl;  discoTCr  that  millioas  tt 
our  race  are  now  supported  by  lands  situated  where  deep  seas  pr** 
vailed  in  earlier  ages.  In  many  districts  not  yet  occupied  by  man, 
land  animals  and  forests  now  abound  where  ships  once  sailed  ;  and,  on 
the  other  band,  we  shall  find,  on  inquiry,  tkat  inroads  of  the  oceu^ 
have  been  no  less  considerable.  When  to  these  revolutions,  produotd 
by  aqueous  causes,  we  add  analogous  changes  wrought  by  igneotn 
agency,  we  sliall,  perhaps,  acknowledge  the  justice  of  the  conclusion  a4 
Aristotle,  who  detilared  that  the  whole  land  and  Bea  on  our  glotMl 
periodically  changed  places.* 
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CHAPTER  SIX. 

I    T&AKSrOHTIBa  EFFECTS  OF   TIDES    AND 


Differences  in  tha  riw  of  Ihc  tides — Lngullas  and  Gatf  citrrcnta  —  YeHndlj  €0 
cnnvDtg  — CaoNu  of  currents  — Action  of  ihc  sea  on  the  Briiish  coast — Siaius' 
lilmnds  — Largu  Uotks  remorod  —  Isli:8  rocinccd  to  closti'ra  of  ro<:kB^Orkii«y 
l>Ii!S — Wa<ite  of  East  cout  of  Scotland — and  East  roan  of  EngUnd— VuS* 
of  the  cliffs  of  HolderncH,  Norfolk,  and  Suffolk— Sand -dun  i?s  how  tti  chitoo* 
meters — Silling  up  of  rstnariefi — Ynnnoolh  cstnary  —  Suffolk  cosM  —  Dnsxi^ 
— Essex  cootl  —  Estnaiy  of  tho  Thames — Gi>odwin  Sands — Cout  of  Kot-*' 
Formslion  of  the  Straits  of  Dover— South  coast  of  England  — Sussex— HaaV 
— Donct  —  Portlouil  — Origin  of  the  Cheail  Bank  — Comivall — Coast  of  Brinaof^ 

ALTBOtron  the  moTemcnts  of  great  bodies  of  water,  termed  tides  toi 
currents,  are  in  general  due  to  very  distinct  causes,  their  effect! 
cannot  be  studied  separately ;  for  they  produce,  by  tlieir  joint  mIuA 
aided  by  that  of  the  wares,  those  cljanges  wliicb  are  objects  of  geok'' 
gieal  interest.  These  forces  may  be  viewed  in  the  soroe  manner  i* 
we  before  considered  rivers,  first,  as  employed  in  destroying  portioBi 
of  the  solid  crust  of  the  earth,  and  removing  them  to  other  places; 
secondly,  as  reproductive  of  new  strata. 

Tulff. — It  would  be  superfluous  at  the  present  day  to  offer  Miy 
remarks  on  the  cause  of  the  tides.  They  are  not  perceptible  in  lakes 
or  in  most  inland  seas;  in  the  Mediterranean  even,  deep  and  ex- 
tensive OS  is  that  sea,  they  are  scarcely  sensible  to  ordinary  obser- 
vation, their  effects  being  quite  subordinate  to  those  of  the  windl 
and  currents.     In  some  places,  however,  aa  in  the  Slnuta  of  AT 
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there  is  an  ebb  and  flow  to  the  amount  of  two  feet  and  upwards ;  at 

Naples  and  at  the  Euripus,  of  twelve  or  thirteen  inches;  and  at 

Venice,  according  to  Bennell,  of  five  feet.*    In  the  Sjrtes,  also,  of 

the  ancients,  two  wide  shallow  gulfs,  which  penetrate  very  far  within 

the  northern  coast  of  Africa,  between  Carthage  and  Cjrene,  the  rise 

18  said  to  exceed  five  feetf 

In  islands  remote  from  any  continent,  the  ebb  and  flow  of  the 
ocean  is  very  sligl\t,  as  at  St.  Helena,  for  example,  where  it  is  rarely 
above  three  feet^    In  any  given  line  of  coast,  the  tides  are  greatest 
in  narrow  channels,  bays,  and  estuaries,  and  least  in  the  intervening 
tracts  where  the  land  is  prominent.     Thus,  at  the  entrance  of  the 
estuary  of  the  Thames  and  Medway,  the  rise  of  the  spring  tides  is 
eighteen  feet;  but  when  we  follow  our  eastern  coast  from  thence 
iiorthward,  towards  Lowestoff  and  Yarmouth,   we  find   a  gradual 
diminution,  until,  at  the  places  last  mentioned,  the  highest  rise  is 
only  seven  or  eight  feet.     From  this  point  there  begins  again  to  be 
^  increase,  so  that  at  Cromer,  where  the  coast  again  retires  towards 
the  west,  the  rise  is  sixteen  feet ;  and  towards  the  extremity  of  the 
gulf  called  "  the  Wash,  **  as  at  Lynn  and  in  Boston  Deeps,  it  is  from 
twenty-two  to  twenty-four  feet,  and  in  some  extraordinary  cases 
twenty-six  feet.    From  thence  again  there  is  a  decrease  towards  the 
'^orth,  the  elevation  at  the  Spurn  Point  being  from  nineteen   to 
twenty  feet,  and  at  Flamborough  Head  and  the  Yorkshire  coast  from 
fonrteen  to  sixteen  feet.  § 

At  Milford  Haven  in  Pembrokeshire,  at  the  mouth  of  the  Bristol 
^^^nel,  the  tides  rise  thirty-six  feet;  and  at  King-Road  near 
^Hstol,  forty-two  feet.  At  Chepstow  on  the  Wye,  a  small  river 
^Wch  opens  into  the  estuary  of  the  Severn,  they  reach  fifty  feet 
•^  sometimes  sixty-nine,  and  even  seventy-two  feet.  A  current 
^Mch  sets  in  on  the  French  coast,  to  the  west  of  Cape  La  Hague, 
^mes  pent  up  by  Guerneey,  Jersey,  and  other  islands,  till  the  rise 
^  the  tide  is  from  twenty  to  forty-five  feet,  which  last  height  it 
fttains  at  Jersey,  and  at  St.  Malo,  a  seaport  of  Brittany.  The  tides 
^  the  Basin  of  Mines,  at  the  head  of  the  Bay  of  Fundy  in  Nova 
^tia,  rise  to  the  height  of  seventy  feet. 

There  are,  however,  some  coasts  where  the  tides  seem  to  offer  an 
exception  to  the  rule  above  mentioned ;  for  while  there  is  scarcely 
Uiy  rise  in  the  estuary  of  the  Plata  in  S*.  America,  there  is  an 
extremely  high  tide  on  the  open  coast  of  Patagonia,  farther  to  the 
sooth.  Yet  even  in  this  region  the  tides  reach  their  greatest  eleva- 
tion (about  fifty  feet)  in  the  Straits  of  Magellan,  and  so  far  at  least 
they  conform  to  the  general  rule. 

Currents. — The  most  extensive  and  best  determined  system  of 
currents,  is  that  which  has  its  source  in  the  Indian  Ocean  under  the 

•  Geog.  of  Herod.  voL  ii.  p.  331.  §  TheheightsoftBese  tides  were  giteif 

f  Ibid.  p.  328.  me  by  the  late  Captain  Hcwett,  R.  N. 

J  Bomme,  Vents  et  Courans,  vol.  ii.         ||  On  the  authority  of  Admiral  Sir  F. 

p.  3.    Bev.  F.  Fallows,  Quart.  Joum.  of    BcAufort,  B.  N. 

Science,  Much,  1829. 
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influence  of  the  trade  winds ;  and  which,  after  doubling  the  Cape  of 
Good  Hope,  inclines  to  the  northward,  along  the  western  coast  of 
Africa,  then  crosses  the  Atlantic,  near  the  equator,  where  it  is  called 
the  equatorial  current,  and  is  lost  in  the  Caribbean  Sen,  yet  seems  to 
be  again  revived  in  the  current  which  issues  from  the  Gulf  of  Mexico. 
From  thence  it  flows  rapidly  through  the  Straits  of  Bahama,  taking 
the  name  of  the  Gulf  Stream,  and  passing  in  a  north-casterlj  direction, 
by  the  Banks  of  Newfoundland,  towards  the  Azores. 

We  learn  from  the  posthumous  work  of  Renncll  on  this  subject,  that 
the  Lagullas  current,  so  called  from  the  cape  and  bank  of  that  name, 
is  formed  by  the  junction  of  two  streams,  flowing  from  the  Indian 
Ocean ;  the  one  from  the  channel  of  Mozambique,  down  the  souths 
east  coast  of  Africa ;  the  other,  from  the  ocean  at  large.     The  col- 
lective stream  is  from  ninety  to  one  hundred  miles  in  breadth,  and 
runs  at  the  rate  of  from  two  and  a  half  to  more  tlian  four  miles  per* 
hour.     It  is  at  length  turned  westward  by  the  Lagullas  bank,  which, 
rises  from  a  sea  of  great  depth  to  within  one  hundred  fathoms  of  th^ 
surface.     It  must  therefore  be  inferred,  says  Ilennell,  that  the  currenC 
here  is  more  than  one  hundred  fathoms  deep,  otherwise  the  maii^ 
body  of  it  would  pass  across  the  bank,  instead  of  being  deflect 
westward,  so  as  to  flow  round  the  Cape  of  Good  Hope.     From  thi 
cape  it  flows  northward,  as  bt^fore  stated,  along  the  western  coast  o 
Africa,   taking  the  name  of  the   South   Atlantic  current.     It  tlu 
enters  the  Bight,  or  Bay  of  Benin,  and  is  turned  westward,  partly  bj 
the  form  of  the  coast  thfTC,  and  partly,  perhaps,  by  the  Guinea  cur- 
rent, which  runs  from  the  north  into  the  same  great  bay.     From  tli^ 
centre  of  this  hay  proceeds  the  eciuatorial  current  already  montioneJ* 
holding  a  westerly  direction  across  the  Atlantic,  which  it  traver>e=^. 
from  the  coast  of  (luinea  to  that  of  Brazil,  flowinir  afterwards  by  th« 
shores  of  (Iniana  to  the  West  Indies.     The  breadth  of  this  current 
varies  from  16'()  to  450  geouraphical  miles,  and  its  velocity  is  I'roni 
twenty-five  to  seventy-nine  miles  per  day,  the  mean  rate  beinir  aU>i*^ 
thirty   niihs.     The  h'nirth  of  its  whoh-  course  is  about  4(XX)  niil*'N 
As  it  >kirts  the  coast  of  Guiana,  it  is  increa.M-d  by  the  influx  of  tht' 
waters  of  the  Amazon  and  (Vinoco,  and  by  their  junction  acquire? 
nccchrated  velocity.     After  passing  the  island  of  Trinidad  it  cx- 
pands,  and  is  almost  lost  in  the  Caribbean  Sea;  but  there  appear? to 
be  a  general  movement  of  that  i:ea  towards  the  Mexican   Gulf,  which 
dischari:es  the  most  powerful  of  all  currents  through   the  Straits  of 
Florida,  where  the  waters  run  in  the  n(»rthern  part  with  a  velocitvrf 
four  or  five  miles  an  hour,  having  a  breadth  of  from  thirty-five  to 
fifty  miles.* 

The  temperature  of  tlie  Gulf  of  Mexico  is  Sf)'~  F.  in  simimcr,  ortV 
higher  than  that  i»f  the  ocean,  in  the  same  parallel  (25'  N.  latA  :in^ 
a  larire  proj)ortion  of  this  warmth  is  retained,  even  where  the  stream 
reaches  the  43"  N.  lat.     After  is>uing  from   the  Straits  of  FloriJi* 

♦  Consult  thi-  limp  of  Currents  by  Ciiptain  F.  IJct'chy,  K.  N.,  AJuiiral:? 
Manual,  1  b4U,  Lundun. 
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the  current  runs  in  a  northerljr  direction  to  Cape  Hatteras,  in  North 
Carolina,  about  SS'^  N.  lat.,  where  it  is  more  than  seventy  miles 
broad,  and  still  moves  at  the  rate  of  seventy-five  miles  per  day.  In 
About  the  40°  N.  lat,  it  is  turned  more  towards  the  Atlantic  by  the 
extensive  banks  of  Nantucket  and  St  George,  which  are  from  200 
to  300  feet  beneath  the  surface  of  the-  sea ;  a  clear  proof  that  the 
current  exceeds  that  depth.  On  arriving  near  the  Azores,  the  stream 
widens,  and  overflows,  as  it  were,  forming  a  large  expanse  of  warm 
water  in  the  centre  of  the  North  Atlantic^  over  a  space  of  200  or 
300  miles  from  north  to  south,  and  having  a  temperature  of  from  8° 
to  10°  Fahr.  above  the  surrounding  ocean.  The  whole  area,  covered 
hy  the  Gulf  water,  is  estimated  by  Bennell  at  2000  miles  in  length, 
AQd,  at  a  mean,  350  miles  in  breadth ;  an  area  more  extensive  than 
^i  of  the  Mediterranean.  The  warm  water  has  been  sometimes 
known  to  leach  the  Bay  of  Biscay,  still  retaining  five  degrees  of  tem- 
perature above  that  of  the  adjoining  ocean ;  and  a  branch  of  the  Gulf 
current  occasionally  drifts  fruits,  plants,  and  wood,  the  produce  of 
^erica  and  the  West  Indies, 'to  the  shores  of  Ireland  and  the 
Hebrides. 

From  the  above  statements  we  may  understand  why  Rennell  has 
^*^ftracterired  some  of  the  principal  currents  as  oceanic  rivers,  which 
'^e  describes  as  being  from  50  to  250  miles  in  breadth,  and  having  a 
'J^pidity  exceeding  that  of  the  largest  navigable  rivers  of  the  con- 
^nents,  and  so  deep  as  to  be  sometimes  obstructed,  and  occasionally 
turned  aside,  by  banks,  the  tops  of  which  do  not  rise  within  forty, 
fifty,  or  even  one  hundred  fathoms  of  the  surface  of  the  sea.^ 

Greatest  velocity  of  currents. — The  ordinary  velocity  of    the 

principal  currents  of  the  ocean  is  from  one  to  three  miles  per  hour ; 

hut  when  the  boundary  lands  converge,  large  bodies  of  water  are 

dri?en  gradually  into  a  narrow  space,  and  then  wanting  lateral  room, 

are  compelled  to  raise  their  level.     Whenever  this  occurs,   their 

velocity  is  much  increased.   The  current  which  runs  through  the  Race 

of  Aldemey,  between  the  island  of  that  name  and  the  main  land,  has 

a  velocity  of  about  eight  English  miles  an  hour.     Captain  Hewett 

found  that  in  the  Pentland  Firth,  the  stream,  in  ordinary  spring  tides, 

runs  ten  miles  and  a  half  an  hour,  and  about  thirteen  miles  during 

violent  storms.     The  greatest  velocity  of  the  tidal  current  through 

the  "  Shoots  "  or  New  Passage,  in  the  Bristol  Channel,  is  fourteen 

English  miles  an  hour  ;  and  Captain  King  observed,  in  his  survey  of 

the  Straits  of  Magellan,  that  the  tide  ran  at  the  same  rate  through 

the  *^  First  Narrows,  "  and  about  eight  geographical  miles  an  hour  m 

other  parts  of  those  straits. 

Causes  of  currents.  —  That  movements  of  no  inconsiderable 
magnitude  should  be  impressed  on  an  expansive  ocean,  by  winds 
blowing  for  many  months  in  one  direction,  may  easily  be  conceived, 
when  we  observe  the  efiects  produced  in  our  own   seas  by  the 

•  Rennell  on  Currents,  p.  58. 
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temporary  action  of  the  Game  cause.  It  U  well  known  that  a  atn 
80Uth-we«t  or  north-weat  wind  invariably  rai^s  the  tides  to  i 
unuBuul  height  nlong  the  we$t  coast  of  England  and  in  the  Chan&al 
and  that  a  north-west  wind  of  any  continuance  causcB  the  Balli 
to  rise  two  feet  and  upwards  abore  its  ordinary  leveL  Smeatc 
ascertained  by  experiment,  that  in  a  cannl  four  miles  in  length,  ti 
water  was  kept  up  tour  inches  higher  at  one  end  than  at  the  othi 
merely  by  the  aetioQ  of  the  wind  along  the  cnnal ;  and  BenH 
informs  us  that  a  large  piece  of  water,  ten  miles  broad,  and  general 
only  three  feet  deep,  ha?,  by  a  strong  wind,  had  its  waters  driven  1 
one  aide,  and  sustained  eo  as  to  become  six  feet  deep,  while  the  win 
ward  side  was  hud  dry.  * 

As  water,  therefore,  he  observes,  when  pent  up  so  that  it  cann 
Cscn]ie,  acquires  a  higher  level,  so,  in  a  place  where  it  can  etcapr,  d 
same  operation  produces  a  current ;  and  this  current  will  extend  to 
ffreater  or  less  distance,  according  to  the  force  by  which  it  is  product 
IJy  the  side  of  the  principal  oceanic  currenta,  such  as  the  Lagatl 
aiid  the  Gulf  Stream,  arc  paraHel  "counter  currents"  tunaii 
steadily  in  an  opposite  direction. 

Currents  flowing  alternately  in  opposite  directions  are  occssiMk 
by  the  rise  and  full  of  the  tides.  The  effect  of  this  canse  is,  ns  bcjc 
observed,  most  striking  in  estuaries  and  channels  between  islands, 
A  third  cause  of  oceanic  currents  is  evaporation  by  folar  heal; 
which  the  great  current  setting  through  the  Straits  of  Gibraltar  ii 
the  Mediterranean  is  a  remarkable  example,  and  will  be  fully  oc 
sidered  in  the  nest  chapter.  A  stream  of  colder  water  also  flows  (n 
the  Black  Sea  into  the  Mediterranean.  It  must  happen  in  many  otl 
parts  of  the  world,  that  large  quantities  of  water  raised  from  one  tn 
of  the  ocean  by  solar  heal,  are  carried  to  some  other  where  the  vapi 
is  condensed  and  falls  in  the  shape  of  rain,  and  this,  in  flowing  In 
again  to  restore  equilibrium,  will  cau.^e  sensible  currents. 

These  considerations  naturally  lead  to  the  inquiry  whether  i 
level  of  thoBe  seaa  out  of  which  currents  flow,  is  higher  than  thai 
seui  into  which  they  flow.  If  not,  the  eRect  must  be  immedial 
equalized  by  uoder-currenls  or  counter-currents.  Arogo  is  of  opin 
that,  so  far  as  observations  have  gone,  there  are  no  exact  prooft 
wiy  such  dilTerenee  of  level.  It  was  inferred  from  the  measureou 
of  M.  Lep^re,  that  the  level  of  the  Mediterranean,  near  Aleiandi 
was  lower  by  26  feet  6  ioches,  than  the  Red  Sea  near  Suez  at  I 
water,  and  about  SO  feet  lower  than  the  Ued  Sea  at  the  same  plaO 
liigh  water  f,  but  Mr.  Robert  Stephenson  affirms,  as  the  result  a 
raore  recent  survey,  that  there  is  no  difference  of  level  between 
two  seas.  { 

It  was  formerly  imagined  that  there  was  an  equal,  if  not  grea 
diversity  in  the  relative  levels  of  the  Atlantic  and  Pacific,  on 

*  Bennrll  on  the  Chonnd  carrmt.  Stoara  CooimuaiciUioD  oilh  loiu,  J 

t  Ad.  du  Bureau  civs  Long.  1S36.  ISSl. 
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opposite  sides  of  the  Isthmus  of  Panama.  But  the  levellings  carried 
across  that  isthmus  by  Capt.  Lloyd,  in  1828,  to  ascertain  the  relative 
beight  of  the  Pacific  Ocean  at  Panama,  and  of  the  Atlantic  at  the 
mouth  of  the  river  Chagres,  have  shown,  that  the  difference  of 
mean  level  between  those  oceans  is  not  considerable,  and,  contrary 
to  expectation,  the  difference  which  does  exist  is  in  favour  of  the 
greater  height  of  the  Pacific.  According  to  this  survey,  the  mean 
l^ight  of  the  Pacific  is  three  feet  and  a  half,  or  3*52  above  the 
Atlantic,  if  we  assume  the  mean  level  of  a  sea  to  coincide  with  the 
mean  between  the  extremes  of  the  elevation  and  depression  of  the 
tides;  for  between  the  extreme  levels  of  the  greatest  tides  in  the 
Pacific,  at  Panama,  there  is  a  difference  of  27*44  feet ;  and  at  the  usual 
spring  tides  21*22  feet :  whereas  at  Chagres  this  difference  is  only 
1*16  feet,  and  is  the  same  at  all  seasons  of  the  year. 

The  tides,  in  short,  in  the  Caribbean  Sea  are  scarcely  perceptible, 
Bot  equalling  those  in  some  parts  of  the  Mediterranean,  whereas 
tbe  rise  is  very  high  in  the  Bay  of  Panama;  so  that  the  Pacific  is  at 
^gh  tide  lifted  up  several  feet  above  the  surface  of  the  Gulf  of 
Mexico,  and  then  at  low  water  let  down  as  far  below  it*  But 
astronomers  are  agreed  that,  on  mathematical  principles,  the  rise  of 
the  tidal  wave  above  the  mean  level  of  a  particular  sea  must  be 
gi'eater  than  the  fall  below  it ;  and  although  the  difference  has  been 
^therto  supposed  insufficient  to  cause  an  appreciable  error,  it  is, 
nevertheless,  worthy  of  observation,  that  the  error,  such  as  it  may  be, 
''ould  tend  to  reduce  the  small  difference,  now  inferred,  from  the  obser- 
vations of  Mr.  Lloyd,  to  exist  between  the  levels  of  the  two  oceans. 

There  is  still  another  way  in  which  heat  and  cold  must  occasion 

S^t  movements  in  the  ocean,  a  cause  to  which,  perhaps,  currents 

•'c  principally  due.     Whenever  the  temperature  of  the  surface  of 

^e  sea  is  lowered,  condensation  takes  place,  and  the  superficial  water, 

'Jiving  its  specific  gravity  increased,  falls  to  the  bottom,  upon  which 

"§bter  water  rises  immediately  and  occupies  its  place.     When  this 

^^^ulation  of  ascending  and  descending  currents  has  gone  on  for  a 

^itain  time  in  high  latitudes,  the  inferior  parts  of  the  sea  are  made 

^  Consist  of  colder  or  heavier  fluid  than  the  corresponding  depths  of 

^^  ocean  between  the  tropics.     K  there  be  a  free  communication,  if 

^  chain  of  submarine  mountains  divide  the  polar  from  the  equatorial 

^^ins,  a.  horizontal  movement  will  arise  by  the  flowing  of  colder 

^^ter  from  the  poles  to  the  equator,  and  there  will  then  be  a  reflux  of 

^^mer  superficial  water  from  the  equator  to  the  poles.   A  well  known 

^t>eriment  has  been  adduced  to  elucidate  this  mode  of  action  in  ex- 

P*^ation  of  the  "  trade  winds,  "f    If  a  long  trough,  divided  in  the 

^^ddle  by  a  sluice  or  partition,  have  one  end  filled  with  water  and  the 

^^r  with  quicksilver,  both  fluids  will  remain  quiet  so  long  as  they 

^  Phfl.  Trans.  1830,  p.  59.  series,  vol.  i.,  and  Appendix  to  DanicU'ft 

.Y^t  See  Capt.  B.  Hall,  On  Theory  of    Meteorology. 
"^ '^e  Winds,  Fragments  of  Voy.  second 
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are  dirided;  but  when  the  doice  is  drftwn  iip^  the  het'     r  flidS 
rush  along  the  bottom  of  the  trough,  while  the  lighter,  being 
placed,  will  rise,  and,  flowing  in  an  opposite  direction,     iread  il 
at  the  top.    In  like  manner  the  expansion  and  contraction  of 
water  by  heat  and  odd,  have  a  tendency  to  set  under-cnrrenti 
Biotion  from  the  poles  to  the  equator,  and  to  cause  counter-eorrenlii 
the  surface^  which  are  impelled  in  a  direction  contrary  to  that  of 
prevailing  trade  winds.    The  geographical  and  other 
being  very  complicated,  we  cannot  expect  to  trace  separatelj 
ipovements  due  to  each  cause,  but  must  be  prepared  for  many 
maliesy  especially  as  the  configuration  of  the  bed  of  the  ooean  mosift 
often  modify  and  interfere  with  the  course  of  the  inferior  carrenti^ 
as  mnch  as  the  position  and  form  of  continents  and  islandf  alter  llMa 
direction  of  those  on  the  surface.    Thus  on  sounding  at  great  deplk0 
in  the  Mediterranean,  Captains  Berard  and  D'tlrville  have  fowA 
that  the  cold  does  not  increase  in  a  high  ratio  as  in  the 
regions  of  the  ocean,  the  thermometer  remaining  fixed  at  about 
F.  between  the  depths  of  1000  and  6000  feet    This  might 
been  anticipated,  as  Captain  Smyth  in  his  surrey  had  shown 
the  deepest  part  of  the  Straits  of  Gibraltar  is  only  1320  feeC»  ao 
a  submarine  barrier  exists  there  which  must  prevent  tiie  inflix 
any  under-current  of  the  ocean  cooled  by  polar  ice. 

Each  of  the  four  causes  above  mentioned,  the  wind,  the  Udes^ 
ration,  and  the  expansion  and  contraction  of  water  by  heat  and 
may  be  conceived  to  operate  independentiy  of  the  others,  and 
the  infloence  of  all  the  rest  were  annihilated.  But  there  is 
cause,  the  rotation  of  the  earth  on  its  axis,  which  can  only  come  inC^ 
play  when  the  waters  have  already  been  set  in  motion  by  some  oim^ 
or  all  of  the  forces  above  described,  and  when  the  direction  of  tl^i^ 
current  so  raised  happens  to  be  from  south  to  north,  or  from 
to  south. 

The  principle  on  which  this  cause  operates  is  probably  familiar 
the  reader,  as  it  Las  long  been  recognized  in  the  case  of  the 
winds.     Without  enlarging,   therefore,   on   the   theory,   it  will 
sufficient  to  offer  an  example  of  the  mode  of  action  alluded 
When  a  current  flows  from  the  Cape  of  Good  Hope  towards  tl^'* 
Gulf  of  Guinea,  it  consists  of  a  mass  of  water,  which,  on  douUii 
the  Cape,  in  lat  35^,  has  a  rotatory  velocity  of  about  800  miles 
hour  ;  but  when  it  reaches  the  line,  where  it  turns  westward,  it 
arrived  at  a  parallel  where  the  surface  of  the  earth  is  whirled 
at  the  rate  of  1000  miles  an  hour,  or  about  200  miles  faster. 
this  great  mass  of  water  was  transferred  suddenly  from  the  higb^^ 
to  the  lower  latitude,  the  deficiency  of  its  rotatory  motion,  relatifsS;^ 
to  the  land  and  water  with  which  it  would  come  into  juxtaposition^ 
would  be  such  as  to  cause  an  apparent  motion  of  the  most  rapid  kif^ 
(of  no  less  than  200  miles  an  hour)  from  east  to  west. 

In  the  cose  of  such  a  sudden  transfer,  the  eastern  coast  of  America 
being  carried  round  in  an  opposite  direction,  might  strike  against  ^ 
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large  hodj  of  water  with  tremendous  violence,  and  a  considerable 
part  of  the  continent  might  be  submerged.  This  disturbance  does 
not  occur,  because  the  water  of  the  stream,  as  it  advances  gradually 
into  new  zones  of  the  sea  which  are  moving  mbr6  rapidlj,  acquires 
bj  friction  an  accelerated  velocity.  Yet  as  this  motion  is  not 
imparted  instantaneously,  the  fluid  is  unable  to  keep  up  with  the 
full  speed  of  the  new  surface  over  which  it  is  successively  brought. 
Hence^  to  borrow  the  language  of  Herschel,  when  he  speaks  of  the 
trade  winds,  ''it  lags  or  hangs  back,  in  a  direction  opposite  to  the 
earth's  rotation,  that  is,  from  east  to  west,"*  and  thus  a  current, 
which  would  have  run  simply  towards  the  north  but  for  the  rota- 
tion, may  acquire  a  relative  direction  towards  the  west 

We  may  next  consider  a  case  where  the  circumstances  are  the 
converse  of  the  above.  The  Gulf  Stream  flowing  from  about  lat.  20® 
is  at  first  impressed  with  a  velocity  of  rotation  of  about  940  miles  an 
hour,  and  runs  to  the  lat.  40^  where  the  earth  revolves  only  at  the 
rate  of  766  miles,  or  174  miles  slower.  In  this  case  a  relative 
ffiotion  of  an  opposite  kind  may  result ;  and  the  current  may  retain 
•n  excess  of  rotatory  velocity,  tending  continually  to  deflect  it 
eastward.  Polar  currents,  therefore,  or  those  flowing  from  high  to 
low  latitudes,  are  driven  towards  the  eastern  shores  of  continents, 
while  tropical  currents  flowing  towards  the  poles  aiy  directed  against 
^eir  western  shores. 

Thus  it  will  bo  seen  that  currents  depend,  like  the  tides,  on  no 

^porary   or    accidental    circumstances,   but  on  the  laws  which 

preside  over  the  motions  of  the  heavenly  bodies.     But  although  the 

^^^  of  their  influence  in  altering  the  surface  of  the  earth  may  be 

^^^7  constant  throughout  successive  epochs,  yet  the  points  where 

^ese  operations  are  displayed  in   fullest   energy  shift  perpetually. 

"^he  height  to  which  the  tides  rise,  and  the  violence  and  velocity  of 

^^H'ents,  depend  in  a  great  measure  on  the  actual  configuration  of 

,  ^  laud,  the  contour  of  a  long  line  of  continental  or  insular  coast, 

^*^  depth  and  breadth  of  channels,  the  peculiar  form  of  the  bottom 

seas — in  a  word,  on  a  combination  of  circumstances  which  are 

^^de  to  vary  continually  by  many  igneous  and  aqueous   causes, 

i^^^,  amongst  the  rest,  by  the  tides  and  currents  themselves.   Although 

^^ae  agents,    therefore,   of   decay  and   reproduction   are  local  in 

^^erence  to  periods  of  short  duration,  such  as  those  which  history 

^braces,  they  are  nevertheless  universal,  if  we  extend  our  views  to 

Sufficient  lapse  of  ages. 

J)estroying  and  transporting  power  of  currents. — After   these 

*^^^minary  remarks  on  the  nature  and  causes   of  currents,   their 

^locity  and  direction,  we  may  next  consider  their  action   on   the 

^Id  materials  of  the  earth.     We  shall  find  that  their  eflbrts  are,  in 

^^y  respects,  strictly  analogous  to  those  of  rivers.    I  have  already 

^^ted  in  the  third  chapter,  of  the  manner  in  which  currents  some- 

*  TrcatiBe  on  Astronomy,  chap.  3. 
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times  combine  willi  ice,  in  carrying  mud,  pebbles,  and 
mente  of  rock  to  great  distances.   Their  operntioiu  are  moi 
from  our  view  than  those  of  rivers,  but  extend  over  wider  ari 
are  therefore  of  more  geological  importance. 

tVasle  of  the  BritUh  coatts.  —  Shetland  ItlnntU, — If  we  fol 
the  eastern  and  soutliern  shores  of  the  British  islands,  from  i 
Ultima  Thulo  in  Shetland  to  (he  Land's  End  in  Cornwall,  we  d 
find  evidence  of  a  series  of  cbaoges  since  the  historical  era,  ' 
illustrative  of  the  kind  and  degree  of  force  exerted  \>j  lidev 
currents  co-operating  with  the  waves  of  the  sea.  In  this  survfl 
shall  have  an  opportunity  of  tracing  their  joint  power  on  Isli 
promontories,  bays,  and  estuaries ;  on  bold,  lofty  clilfs,  as  well  I 
low  shores  ;  and  on  every  description  of  rock  and  soil,  from  graid 
blown  sund. 

Tho  northernmost  group  of  the  British  islands,  the  Shetland. ' 
composed  of  a  great  variety  of  rocks,  including  granite,  gneiss,  nl 
Bkte,  serpentine,  greenaione,  and  many  others,  with  some  second 
rocks,  chiefly  sandstone  and  conglomerate.  These  islands  are  expo 
continually  to  the  uncontrolled  violence  of  the  Atlantic,  for  no  1 
intervenes  between  their  western  shores  and  America.  The  pq 
lence,  therefore,  of  strong  westerly  gales,  causes  the  waves  10 
sometimes  drivei^with  irresistible  force  upon  the  coast,  while  tli 
is  also  a  current  setting  from  the  north.  The  spray  of  the  sea  I 
the  decomposition  of  the  rocks,  and  prepares  ihem  to  be  breached 
the  mechanical  force  of  tiie  waves.  Steep  cliffs  are  hollowed 
into  deep  caves  and  lofty  arches ;  and  almost  every  promontory  e 
in  a  cluster  of  rocks,  imitating  the  forms  of  columns,  pinnaclca^  i 
obelisks. 

Drifting  of  large  nuutei  of  rock. — Modern  observations  show  I 
the  reduction  of  continuous  tracts  to  such  insular  masses  is  a  proi 
in  which  nature  is  still  actively  engaged.  "The  isle  of  Stcaiu 
flays  Dr.  Hibbert,  "presents  a  scene  of  unequalled  desolation., 
fltormy  winters,  huge  blocks  of  stones  are  overturned,  or  are  read 
&om  their  native  beds,  and  hurried  up  a  slight  acclivity  to  a  diad 
almost  incredible.  In  the  winter  of  1803,  a  tabular -shaped  fli 
eight  feet  two  inches  by  seven  feet,  and  five  feet  one  inch  thick,  ' 
dislodged  from  its  bed,  and  renoTed  to  a  distance  of  from  oigb^ 
ninety  feet.  I  measured  the  recent  bed  from  which  a  block  had  \ 
carried  away  the  preceding  winter  (a.  i>.  1S18),  and  found  it  H 
seventeen  feet  and  a  half  by  seven  feet,  and  the  depth  two  feet  d 
inches.  The  removed  mass  had  been  borne  to  a  distance  of  la 
feel,  when  it  was  shivered  into  thirteen  or  more  lesser  fragnH 
some  of  which  were  carried  still  farther,  from  30  to  120  fc«t. 
block,  nine  feet  two  inches  by  six  feet  and  a  half,  and  four  f«ct  ih 
was  hurried  up  the  acclivity  to  a  dii^tance  of  loO  feeL" 


tSbelljuid  ijl«k 
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AtNarthmavine,  also, 
Hifnltr  blocks  of  stone 
bn  been  removed  in  a 


ridenble  distancea  b; 
fie  wives  of  the  sea, 
•pme  of  which  are  re- 
presented in  the  an- 
Mied  figure. 

Effeett  rf  Ughtmng. 
— laadditioD  to  nume- 
Toas  exunplea  of  massea 
^tached  and  driven  hj 
the  waves,  tides,  and  currents  from  their  place,  some  remarkable 
effects  of  lightning  are  recorded  in  these  ides.  At  Funzie,  in  Fetlar, 
*l>oat  the  middle  of  the  last  centurjr,  a  rock  of  mica-schist,  105  feet 
josg,  ten  feet  broad,  and  in  some  places  four  feet  thick,  vras  in  an 
'Xtant  torn  b;  a  Sash  of  lightning  from  its  bed,  and  broken  into 
^>ree  laige  and  several  smaller  fragments.  One  of  these,  twent^- 
i<  feet  long,  ten  feet  broad,  and  fonr  feet  thick,  was  simply  turned 
"'er.  The  second,  which  was  twenty-eight  feet  long,  seventeen 
'"ttad  and  five  feet  in  thickness,  was  hurled  across  a  high  point  to 
«e  distance  of  fifty  yards.  Another  broken  mass,  about  forty  feet 
"S,  was  thrown  still  farther,  but  in  the  same  direction,  quite  into 
"^  sea.  There  were  also  many  smaller  fragments  scattered  up  and 
•Jown.* 

^hen  we  thus  see  electricity  co-operating  with  the  violent  move- 
"'ents  of  the  ocean  in  heaping  up  piles  of  shattered  rocks  on  dry  land 
*'^^  beneath  the  waters,  we  cannot  but  admit  that  a  region  which 
^''sll  be  the  theatre,  for  myriads  of  ages,  of  the  action  of  such  dis- 
'arbing  causes,  might  present^  at  some  future  period,  if  upraised  far 
"^ve  the  bosom  of  the  deep,  a  s< 
'^oipare  with  any  now  found  by  tiie  g 
*»otinents. 

In  some  of  the  Shetland  Isles,  as  on 
"*  veins  of  soft  granite,  have  mouldered  away ;  while  the  matrix  i_ 
*'Iiich  they  were  inclosed,  being  of  the  same  substance,  but  of  a  firmer 
,  *tnre,  has  remained  unaltered.  Thus,  long  narrow  ravines,  som©- 
^•**e»  twenty  feet  wide,  are  laid  open,  and  often  give  access  to  the 
**ves.  After  describing  some  huge  cavernous  apertures  into  which 
™«  KB  flows  for  250  feet  in  Roeness,  Dr.  Hibbert,  writing  in  1822, 
^**XBnerates  other  ra.Tages  of  the  ocean.  "A  moss  of  rock,  the 
*'*er»ge  dimensions  of  which  may,perhaps  be  rated  at  twelve  or 
^irteen  feet  square,  and  four  and  a  half  or  five  in  thickness,  was  first 
**oved  from  its  bed,  about  fifty  years  ago,  to  a  distance  of  thirty  feet, 
**ld  has  since  been  twice  turned  over." 

Pauage  forced  by  the  tea  through  porphyritte  rockt. —  "But  tho 

•  Dr.  Hibbert,  from  MSS.  of  Rev.  George  Low,  of  Fetlar. 


e  of  havoc  and  ruin  that  may 
logist  on  the  surface  of  our 

e  west  of  Meikle  Roe,  dikes. 
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most  Boblime  scene  is  wlicrc  a,  mural  pile  of  porphyry,  escaping  tbi 
process  of  disintegratioa  tliat  is  devagfatin^  llie  t'ouat,  appears  'fti 
Lave  been  left  as  a  sort  of  rampart  against  the  inroads  of  the  oceux 
•^tbe  Atlantic,  when  profokcd  by  wintry  gales,  batters  against  a 
witli  all  the  force  of  real  artillery — the  waves  having,  in  thAi. 
repeated  assaults,  forced  themselves  an  entrance.  This  breads 
named  the  Grind  of  the  Navir  (tig.  2S.),  is  widened  every  winter  bj 


liriP'l  q(  <h'  N-.ir-  |.i'-j.-.-  l.T,-  .1  I)  till'  i.i  t:,ri,:ii.t,  ti>ck>  uTIiarJ  l»rrhjlT. 

tbe  ov(Twln-l!inu2  furfTi-  th;il.  fizidin;;  a  I'lis.-^a^rc  tiimu^b  it,  (!.>parato» 
larjic  stones  fnuii  its  >iili's,  uM  [•>rwf  thi'in  in  a  ili.-Miu'f  uf  no  l*?s» 
tlinn  ]v()  j-|-i-t.  In  two  i.r  tlirri.'  :'.]"its.  iln-  iVnL'jnciil*  wlii.'li  liave  bi->.-n 
Uetai-heil  aro  lir(iu;:hl  to^ethrr  iji  iiiimi'nx;  iii:[]i:^,  tlini  uppear  as  i*o 
ac<-umul!iti<iu  i.fciihiiMl  111^^=.-=.  tif  iir..iiiirl  -f  >..iiu' .|iiarry."" 

It  is  fvi.lfiit  fii.iu  this  I  x;iiii]il.'.  tli;it  ulili.ni^'h  tli.;  ;:ivater  itiJe- 
stnictibilily  III"  siiin.'  rmlis  i.my .  iui!.li.>  ihiTii  ti>  withsl^ui-l.  l\ir  a  lonjor 
tiiiii',  till'  ai  lion  III'  the.  .l.'mciits  vi-t  thrv  catinnl  peniiaiieullv  n>i''- 
Th.-ri-  iir.-  liLMiiiirs  ill  Slii'ihiiiil,"  ill  wWwh  r.n'k>  .if  !iliiH>si  evc^ 
variitj'  of  miticnil  i-i.iii]ir.sitinii  :iit-  >ii1iirii;;:  <]isilltl■^'l■ilti.lll ;  tliu.*  ll-' 
srn  UKikrs  f:ri;il  iz,n„i.is  .m  il.i-  1  l^iy  ^li.tu  •>(  VMl  Il-^inl,  on  tk 
f-i-ptri!iiii>  01'  ll„.  V.iid  Hill  in  F,.;l:ir.  -mA  i.n  the  inirii-.-.-hiit  of  lb« 

Hay  111'  Tri,  sl;i.  on  tl :,~l  .Mii-^t  ■.:'  tlir  ..;,:no   isUm.t.   which  -K'.'-ni- 

posL':«  inn.  an-iiUir  l.lot-lis.  Tli.'  .[u-.m/  i:;-k  0:1  th<-  vn^t  of  Walls 
iinil  till'  i:iK-i~f  ;inil  niii!i"i'lii>l  .if  I  i;inhii.---.  i^ulhT  th.'  s;imc  i:M. 

Di'ffi". tw„  t;/-  i..l„mh.  —  SlU-h  il,.v:i-l;ili„ii  Ciinn.it  hi-  inOt*'MtI» 
coniinitl.il  I'.n-  iliiiu,-:ii!iU  .>l'y,:ir*  ivillmnl  iliviiiin^  i.-hituls,  until  tt<V 
bi-conir  ill  l:i-I  tmt.'  i-Io-I^ts  uf  v-.i'k-.  ih.'  lii-l  ^liri-ds  uf  ina.-><'s  i-nrt 

itiiiniins.      Til  this  Ma;i.'  iiianv  :i|i]i":ii-  In  liiivc  hi'eii  r<'>1iii-etL  :ii>J 

innuni.TiLhl,'  f:inl;is[ir  t'lnin-  :iri;  ;i-Miin,.I  hy  ro.^ks  aili-iinin;:  tln-i* 
i>hin.NluwliiolL  Ihi-  na:af>i!'  Dr^.n--  i.-  ;.i.nliL-.l,  ii'  it 'is  to  tlioW  of 
tiuiihir  shiijii;  in  l'\:]'oi'. 
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granitic  rocks  (fig.  29.)  between  Papa  Stour  and  Hillswick 
tfford  an  example.     A  still  more  singular  cluster  of  rocks  is 


0  the  south  of  Hillswiek  Ness  (fig.  30.),  which  presents  a 
r  of  forms  aa  viewed  from  different  points,  and  hag  often  been 

1  to  a  small  fleet  of  vessels  with   spread    sails.*     We  ma; 


le  that  in  the  course  of  time  Hillswiek  Ness  itself  may 
t  a  similar  wreck,  from  the  unequal  decomposition  of  tbe  rocks 
)f  it  is  composed,  consisting  of  gneiss  and  mica-schist  tmTersed 
directions  by  veins  of  felspar- porphyry. 

way  between  the  groups  of  Shetland  and  Orkney  is  Fair 
.,  tiaid  to  he  composed  of  sandstone  with  high  perpendicular 
The  current  runs  with  such  velocity,  that  during  a  calm,  and 
there  is  no  swell,  the  rocks  on  its  shores  are  white  with  the 
of  the  sea  driven  against  them.  The  Orkneys,  if  carefully 
ned,  would  probably  illustrate  our  present  topic  aa  much  as  the 

•  Eibbert,  p.  G19. 
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Shethnd  group.    Theiiortli-east  promontofjof  Sanda,  onelif 
idandi^  has  been  eat  off  in  modern  times  by  the  aea^  so  that  hi 
wliat  is  now  called  Start  Islandy  where  a  lighthouse  was  ereoled  ia 
Idfflf  since  which  time  the  new  strait  has  grown  broader* 

JEast  cooit  qf  iSoolbfML  —  To  pass  orer  to  the  main  hud  ft 
Sootlandy  we  And  that  in  Inyemess-shire  there  have  been  invoadssf 
the  sea  at  Fort  George^  and  others  in  MoraTshire^  which  haTO  swept 
«waj  the  dd  town  of  Undhom.  On  the  coast  of  Sncardinflsbii% 
an  Ulnstraticm  was  afforded,  at  the  close  of  the  last  oentmy,  of  lis 
effect  of  promontories  in  protecting  a  line  of  low-shore.  The  irilla|» 
4xf  Mathm^  two  miles  south  of  JohnshaTen,  was  built  on  an  ansiak 
•hingle  beadi,  protected  by  a  lurojecting  ledge  of  limestone  rodu  Tkb 
was  quarried  for  lime  to  such  an  extent  that  the  sea  broke  tiwoa|lb 
and  in  17d5  carried  away  the  whole  village  in  one  night»  and  psM* 
trated  150  yards  inland,  where  it  has  maintained  its  ground  efV 
ttnce^  the  new  Tillage  haying  been  built  farther  inland  on  the  nsr 
ahore.  In  the  Bay  of  Montrose,  we  find  the  North  Esk  and  the  8siA 
Esk  rivers  pouring  annually  into  the  sea  large  quantities  of  sand  sal 
pebbles ;  y^  thqr  have  formed  no  deltas,  for  the  wa?es^  aided  by  lla 
«urrent^  setting  across  their  mouths,  sweep  [away  all  the  naisiiski 
Considerable  beds  of  shingH  brought  down  by  the  Nortii  Esl^  aft 
seen  along  the  beach. 

Proceeding  southwards,  we  learn  that  at  Arbroath,  in  Forfarshire, 
which  stands  on  a  rock  of  red  sandstone,  gardens  and  houses  have 
been  carried  away  since  the  commencement  of  the  present  century 
by  encroachments  of  the  sea.  It  had  become  necessary  before  1S28, 
to  remove  the  lighthouses,  at  the  mouth  of  the  estuary  of  the  Taj, 
in  the  same  county,  at  Button  Ness,  which  were  built  on  a  tract 
of  blown  sand,  the  sea  having  encroached  for  three  quarters  of  a 
mile. 

Force  of  waves  and  currents  in  estuaries, — The  combined  power 
which  waves  and  currents  can  exert  in  estuaries  (a  term  which  I 
confine  to  bays  entered  both  by  rivers  and  the  tides  of  the  sea)  was 
remarkably  exhibited  during  the  building  of  the  Bell  Rock  light* 
house,  off  the  mouth  of  the  Tay.     Tlie  Bell  Rock  is  a  sunken  reeC 
consisting  of  red  sandstone,  being  from  twelve  to  sixteen  feet  under 
the  surface  at  high  water,  and  about  twelve  miles  from  the  mainland. 
At  the  distance  of  100  yards,  there  is  a  depth,  in  all  directions^  ef 
two  or  three  fathoms  at  low  water.    In  1807,  during  the  erection  of 
the  lighthouse,  six  large  blocks  of  granite,  which  had  been  landed  ott 
the  reef,  were  removed  by  the  force  of  the  sea,  and  thrown  over  % 
rising  ledge  to  the  distance  of  twelve  or  fifteen  paces;  and  an  anchor, 
weighing  about  22  cwt.,  was  thrown  up  upon  the  rock.*     Mr.  Sit* 
venson  informs  us,  moreover,  that  drift  stones,  measuring  upwards  of 
thirty  cubic  feet,  or  more  than  two  tons'  weight,  have,  during  stonu^ 
been  of^en  thrown  upon  the  rock  from  the  deep  water,  f 

*  Accoant  of  Erection  of  Bdl  Rock       f  ^^  l^il-  Joorn.  roL   liL  p.  54 
Ligbthooflc,  p.  163.  1820. 
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Submarine  forests, — Among  the  proofs  that  the  sea  has  encroached 

^^  the  land  bordering  the  estuary  of  the  Tay,  Dr.  Fleming  has  men- 

^^oned  a  submarine  forest  which  has  been  traced  for  several  miles 

J^ong  the  northern  shore  of  the  county  of  Fife.*    But  subsequent 

8ur?eys  seem  to  have  shown  that  the  bed  of  peat  containing  tree- 

loots,  leaves,  and  branches,  now  occurring  at  a  lower  level  than  the 

Tay,  must  have  come  into  its  present  position  by  a  general  sinking 

t)f  the  ground  on  which  the  forest  grew.     The  peat  bed  alluded  to  is 

not  confined,  says  Mr.  Buist,  to  the  present  channel  of  the  Tay^  but 

extends  far  beyond  it,  and  is  covered  by  stratified  clay  from  fifteen  to 

twenty-five  feet  in  thickness,  in  the  midst  of  which,  in  some  places, 

is  a  bed  fall  of  sea-shells.f    Recent  discoveries  having  established 

the  fact  that  upward  and  downward  movements  have  afiected  our 

island  since  the  general  coast-line  had  nearly  acquired  its  present 

shape,  we  must  hesitate  before  we  attribute  any  given  change  to  a 

single  cause,  such  as  the  local  encroachment  of  the  sea  upon  low 

land. 

On  the  coast  of  Fife,  at  St.  Andrew's,  a  tract  of  land,  said  to  have 
intervened  between  the  castle  of  Cardinal  Beaton  and  the  sea,  has 
been  entirely  swept  away,  as  were  the  last  remains  of  the  Priory  of 
Crail,  in  the  same  county,  in  1803.  On  both  sides  of  the  Frith  of 
Forth,  land  has  been  consumed ;  at  North  Berwick  in  particular,  and 
at  Newhaven,  where  an  arsenal  and  dock,  built  in  the  reign  of  James 
IV.,  in  the  fifteenth  century,  has  been  overflowed. 

E{Ut  coast  of  England, — ^If  we  now  proceed  to  the  English  coast, 
we  find  records  of  numerous  lands  having  been  destroyed  in  North- 
umberland, as  those  near  Bamborough  and  Holy  Island,  and  at 
Tynemouth  Castle,  which  now  overhangs  the  sea,  although  formerly 
separated  from  it  by  a  strip  of  land.  At  Hartlepool,  and  several 
other  parts  of  the  coast  of  Durham  composed  of  magnesian  limestone, 
the  flea  has  made  considerable  inroads. 

Coast  of  Yorkshire. — Almost  the  whole  coast  of  Yorkshire,  from 
the  mouth  of  the  Tees  to  that  of  the  Humber,  is  in  a  state  of  gradual 
dilapidation.  That  part  of  the  clifis  which  consist  of  lias,  the  oolite 
serieS)  and  chalk,  decays  slowly.  They  present  abrupt  and  naked 
precipices,  often  300  feet  in  height ;  and  it  is  only  at  a  few  points 
that  the  grassy  covering  of  the  sloping  talus  marks  a  temporary 
relazation^'of  the  erosive  action  of  the  sea.  The  chalk  clifis  are  worn 
into  caves  and  needles  in  the  projecting  headland  of  Flamborough, 
where  they  are  decomposed  by  the  salt  spray,  and  slowly  crumble 
away.  But  the  waste  is  most  rapid  between  that  promontory  and 
Spurn  Point,  or  the  coast  of  Holdemess,  as  it  is  called,  a  tract  con- 
sisting of  beds  of  clay,  gravel,  sand,  and  chalk  rubble.  The  irregular 
intermixture  of  the  argillaceous  beds  causes  many  springs  to  be 
thrown  out,  and  this  facilitates  the  undermining  process,  the  waves 
beating  against  them,  and  a  strong  current  setting  chiefly  from  the 

*  Qnart  Jonnu  of  Sci.  &c,  No.  xiii.        f  Baist,  Quart.  Joum.  of  Agricolt., 
JV:  S,  Mardi,  18S0.  No.  xlt.  p.  34.  June,  1839.  • 


304         ENCBOACHMENTS  OF  THE  SEA  OK     [Cs.  XiX 

north.  The  wasteful  action  is  very  conspicuous  at  Diml]Dg;tOB 
Height,  the  loftiest  point  in  Holderness,  where  the  beacon  standi 
on  a  cliff  1 46  feet  above  high  water,  the  whole  being  composed  of 
clay,  with  pebbles  scattered  through  it.  •  "  For  many  years,"  stji 
Professor  Phillips,  "  the  rate  at  which  the  cliffs  recede  from  Bridling- 
ton to  Spurn,  a  distance  of  thirty-six  miles,  has  been  found  by  mea^ 
surement  to  equal  on  an  average  two  and  a  quarter  yards  annoiUyi 
which  upon  thirty-six  miles  of  coast  would  amount  to  about  thirtj 
acres  a  year.  At  this  rate,  the  coast,  the  mean  height  of  which  above 
the  sea  is  about  forty  feet,  has  lost  one  mile  in  breadth  since  the 
Norman  Conquest,  and  more  than  two  miles  since  the  occupation  of 
York  (Eboracum)  by  the  Romans/'f  The  extent  of  this  denudttioo» 
as  estimated  by  the  number  of  cubic  feet  of  matter  removed  annniUy 
will  be  again  spoken  of  in  chapter  22, 

In  the  old  maps  of  Yorkshire,  we  find  spots,  now  sand-banks  in 
the  sea,  marked  as  the  ancient  sites  of  the  towns  and  villages  of 
Auburn,  Hartburn,  and  Hyde.  '*  Of  Hyde,"  says  Pennant,  "only 
the  tradition  is  left ;  and  near  the  village  of  Hornsea,  a  street  called 
Hornsea  Beck  has  long  since  been  swallowed."  J  Owthome  anditt 
church  have  also  been  in  great  part  destroyed,  and  the  village  rf 
Kilnsea ;  but  these  places  are  now  removed  farther  inland.  The 
annual  rate  of  encroachment  at  Owthorne  for  several  years  preceiling 
1830,  is  stated  to  have  averaged  about  fouryard.'*.  Not  unreasonable 
fearri  are  entertained  that  at  some  future  time  the  Sj)um  Point  will 
become  an  island,  and  that  the  ocean,  entering  into  the  estuarj  of 
the  Huniber,  will  cause  great  devastation.  §  Pennant,  after  speaking 
of  the  silting  up  of  some  ancient  ports  in  tliat  estuary,  observe?, 
"But,  in  return,  the  sea  has  made  most  ample  reprisals;  the  sitf? 
and  even  the  very  names  of  several  places,  once  towns  of  note  upon 
the  Ilumber,  are  now  only  recorded  in  history;  and  Kavensj>er  <^a^ 
at  one  time  a  rival  to  Hull  (IVIadox,  Ant.  Kxch.  i.  422.),  and  a  l»^ 
Fo  very  considerable  in  1332,  that  Kdwanir>:iliol  and  the  confedeniU'J 
Knglish  barons  sailed  from  hence  to  invade  Scotland  ;  and  Henry  n-« 
in  1399,  made  choicer  of  this  port  to  land  at,  to  eiVect  the  deposal  of 
Kichard  II. ;  yet  tlui  whole  of  this  has  long  since  been  devoured  1'7 
the  merciless  ocean ;  extensive  sands,  dry  at  low  water,  are  to  b* 
seen  in  tlieir  stead."* 

Pennant  describes  Spurn  Head  as  a  promontory  in  the  form  of* 
sickle,  and  says  the  land,  for  some  niihs  to  the  north,  was  *'peri>etu- 
ally  preyed  on  by  the  fury  of  the  German  Sea,  which  devours  whole 
acres  at  a  time,  and  exposes  on  the  ^hor(  s  considerable  quantities  of 
beautiful  amber." 

J/invohishire,  —  The  maritinu'  district  of  Lincolnshire  consists 
chiefly  of  lands  that  lie  below  the  level  of  the  sea,  being  protected  by 

*   riiillijj.-'s    (Jn»l«»j:v    of    Yt'ik.-Iiiro,         J  Arotic  Z«H>l«'gA-,  >ol.   i.  p.  H».  I^* 

1'.  r»l.  tri'iliH  tioii. 

t  l{iviT>.  Moiiiituin*. ami  Sia-ii»a>t  (if        §  J'liillips's  Gcol.  <»f  York.  p.  tUi. 
Yoik>IiiR,  p.  \22.  H<j3,  Luiult'U.  jj  Arcl.  ZtM>l.  auI.  i.  |».  13.     lnUv«L 
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mbankments.  Some  of  the  fens  were  embanked  and  drained  bj  the 
iomans ;  but  after  their  departure  the  sea  returned,  and  krge  tracts 
rere  covered  with  beds  of  silt  containing  marine  shells,  now  again 
lonverted  into  productive  lands.  Many  dreadful  catastrophes  are  re- 
!orded  by  incursions  of  the  sea,  whereby  several  parishes  have  been 
I  different  times  overwhelmed. 

Norfolk.  —  The  decay  of  the  cliffs  of  Norfolk  and  Suffolk  is  in- 
essant.  At  Hunstanton,  on  the  north,  the  undermining  of  the  lower 
renaceous  beds  at  the  foot  of  the  cliff,  causes  masses  of  red  and  white 
balk  to  be  precipitated  from  above.  Between  Hunstanton  and 
^eyboume,  low  hills,  or  dunes,  of  blown  sand,  are  formed  along  the 
bore,  from  fifty  to  sixty  feet  high.  They  are  composed  of  dry  sand, 
lonnd  in  a  compact  mass  by  the  long  creeping  roots  of  the  plant 
ailed  Marram  {Arundo  arenarid).  Such  is  the  present  set  of  the 
ides,  that  the  harbours  of  Clay,  Wells,  and  other  places  are  securely 
lefended  by  these  barriers  ;  affording  a  clear  proof  that  it  is  not  the 
trength  of  the  material  at  particular  points  that  determines  whether 
he  sea  shall  be  progressive  or  stationary,  but  the  general  contour  of 
he  coast 

The  waves  constantly  undermine  the  low  chalk  cliffs,  covered  with 
land  and  clay,   between   Wey bourne  and   Sherringham,   a  certain 
K>rtion  of  them'  being  annually  removed.    At  the  latter  town  I 
iscertained,  in  1829,  some  facts  which  throw  light  on  the  rate  at 
irhich  the  sea  gains  upon  the  land.     It  was  computed,   when  the 
present  inn  was  built,  in  1805,  that  it  would  require  seventy  years 
for  the  sea  to  reach  the  spot :  the  mean  loss  of  land  being  calculated, 
Qrom  previous  observations,   to  be  somewhat  less  than  one  yard, 
annually.     The  distance  between  the  house  and   the  sea  was  fifty 
jrards ;  but  no  allowance  was  made  for  the  slope  of  the  ground  being 
from  the  sea,  in  consequence   of  which  the  waste  was  naturally 
accelerated  every  year,  as  the  cliff  grew  lower,  there  being  at  each 
succeeding  period  less  matter  to  remove  when  portions  of  equal  area 
fell  down.     Between  the  years  1824  and  1829,  no  less  than  seventeen 
yards  were  swept  away,  and  only  a  small  garden  was  then  left  between 
the  building  and  the  sea.     There  was,  in  1829,  a  depth  of  twenty 
feet  (sufficient  to  fioat  a  frigate)  at  one  point  in  the  harbour  of  that 
port,  where,  only  forty-eight  years  before,  there  stood  a  cliff  fifty  feet 
high,  with  houses  upon  it!     If  once  in  half  a  century  an   equal 
amount  of  change  were  produced  suddenly  by  the  momentary  shock 
of  an  earthquake,  history  would  be  filled  with  records  of  such  won- 
derful revolutions  of  the  earth's  surface ;  but,  if  the  conversion  of 
high  land  into  deep  sea  be  gradual,  it  excites  only  local  attention. 
The  flag-staff  of  the  Preventive  Service  station,  on  the  south  side  of 
this  harbour,  was  thrice  removed  inland  between  the  years  1814  and 
1829,  in  consequence  of  the  advance  of  the  sea. 

Farther  to  the  south  we  find  cliffs,  composed,  like  those  of  Hol- 
demess  before  mentioned,  of  alternating  strata  of  blue  clay,  gravel, 
loaoQ}  and  fine  sand.    Although  they  sometimes  exceed  300  feet  in 
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UgH  ^  luTOO  ottds  OD  the  coMt  i«  mort  formidable.  Tkt 
rila  of  asdartCmiMr  now  fbnu  part  of  the  German  0eeM^4a 
liaUtBDii  iMTiiig  gndnaUjr  ntnated  inland  to  their  preMnt 
ftanwbeDcattieaeatdU  threatens  to  diilodge  them.  InOewiriai 
18S8,  a  fallen  nuM  wai  prad^tated  from  near  tlie  Ughlbonac^  wMi' 
eorered  twalra  acrei,  extending  tkr  into  the  tea,  Am  ^&  W^ 
SfiO  feet  in  height*  The  nndemuning  b^  qiringi  has  aiinisli 
osnsed  large  pwtioni  of  the  npper  part  of  the  cUi^  with  hoosas  i 
t*^'H'"g  npon  them,  to  giro  w*j,  so  that  it  is  impossibly  hy  ttasi 
bnakwatera  at  the  base  t^  the  oliffi,  permanently  to  ward  v0 
danger. 

On  the  same  coast,  sajs  Ur.  B.  C  Tajlor,  the  andent  Tillaitt  d 
SUpden,  Wimpwell,  and  Ecdes  have  disappeared ;  serersl  mM 
aad  large  portions  of  ndghbooring  parishes  having  pieoe  after  plM| 
been  swalknred  up ;  nor  has  there  been  auj  intermisdon,  tnm  Ihi 
iamentorial,  in  tbe  raTagea  of  the  sea  slong  a  line  of  oonst  tvaif 
idles  in  length,  in  which  these  places  stood.f  Of  Ecdei^  hoaei^ 
a  noanment  sdll  remains  in  the  ruined  tower  of  tbe  (^  dnnk 
iriiieh  is  half  buried  in  the  danes  of  sand  within  a  few  paces  (00 1)% 
tbe  sea  beaeh  (flg.  81.).    So  early  as  1605  the  inhabitants  fiHtikmi 


James  L  for  a  reduction  of  taxes,  aa  300  acres  of  land,  and  all  li^ 
houses,  save  fourteen,  had  then  t>een  destroyed  by  the  seik  Not  tst 
half  that  number  of  acres  now  remains  in  the  parish,  and  hilb  '^ 
blown  sand  now  occupy  the  site  of  tbe  houses  which  were  Still  eztl*l 
in  IGOo.  When  I  visited  the  spot  in  1839,  the  se»  was  fait  ** 
croaching  on  the   sandhills,   and   had   laid  open  on   the  bea^  ^ 


*  Tajlor*!  Qedog7  of  Eut  Noriblk,  p.  33. 
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of  a  house  fourteen  yards  square,  the  upper  part  of  which 
tlj  heen  pulled  down  before  it  had  been  buried  under 
body  of  the  church  has  also  been  long  buried,  but  the 
'emains  visible. 

Beaumont  has  suggested  that  sand-dunes  in  Holland 
countries  may  serve  as  natural  chronometers,  by  whidi 
the  existing  continents  may  be  ascertained.  The  sands, 
i  continually  blown  inland  by  the  force  of  the  winds,  and 
ig  the  rate  of  their  march  we  may  calculate  the  period 
lovement  commenced.*  But  the  example  just  given  will 
y  geologist  that  we  cannot  ascertain  the  starting-point  of 
oasts  being  liable  to  waste,  and  the  shores  of  the  Low  Coun- 
ticular,  being  not  only  exposed  to  inroads  of  the  sea,  but,  as 
mont  himself  has  well  shown,  having  even  in  historical 
rgone  a  change  of  level.  The  dunes  may  indeed,  in  some 
)ade  use  of  as  chronometers,  to  enable  us  to  assign  a 
)f  antiquity  to  existing  coast-lines ;  but  this  test  must  be 
h  great  caution,  so  variable  is  the  rate  at  which  the  sands 
30  into  the  interior. 

blown  sand,  between  Eccles  and  Winterton,  have  barred 
eluded  the  tide  for  many  hundred  years  from  the  mouths 
small  estuaries ;  but  there  are  records  of  nine  breaches, 
)  120  yards  wide,  having  been  made  through  these,  by 
ense  damage  was  done  to  the  low  grounds  in  the  interior, 
les  south  of  Ilappisburgh,  also,  are  hills  of  blown  sand, 
nd  to  Yarmouth.  These  dunes  afford  a  temporary  protec- 
coast,  and  an  inland  cliff  about  a  mile  long,  at  Winterton, 
*ly  that  at  that  point  the  sea  must  have  penetrated  formerly 
n  at  present. 

tp  of  estuaries, — At  Yarmouth,  the  sea  has  not  advanced 
Lnds  in  the  slightest  degree  since  the  reign  of  Elizabeth. 
;  of  the  Saxons,  a  great  estuary  extended  as  far  as  Norwich, 
•  is  represented,  even  in  the  thirteenth  and  fourteenth 
as  '*  situated  on  the  banks  of  an  arm  of  the  sea.''  The 
reon  Yarmouth  is  built,  first  became  firm  and  habitable 
3ut  the  year  1008,  from  which  time  a  line  of  dunes  has 
increased  in  height  and  breadth,  stretching  across  the 
ance  of  the  ancient  estuary,  and  obstructing  the  ingress 
es  so  completely,  that  they  are  only  admitted  by  the 
(sage  which  the  river  keeps  open,  and  which  has  gradually 
rerar  miles  to  the  south.  The  ordinary  tides  at  the 
ith  rise,  at  present,  only  to  the  height  of  three  or  four 
)ring  tides  to  about  eight  or  nine. 

exclusion  of  the  sea,  thousands  of  acres  in  the  interior  have 
Itivated  lands  ;  and,  exclusive  of  smaller  pools,  upwards  of 
iwater  lakes  have  been  formed,   varying   in  depth  from 

*  Do  Beaumont,  Geologie  Pratique,  p.  218. 
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flfkeen  to  thiiif  feet»  and  in  extent  from  one  acre  to  twelve  h\ 
The  Yare^  and  other  riven^  frequently  communicate  with 
aheets  of  water;  and  thus  they  are  liable  to  be  filled  up 
with  lacustrine  and  fluYiatile  depositfli  and  to  be  converted  into 
oorered  with  forests.    Yet  it  must  not  be  imagined,  thai  tibe  aaf. 
quisition  of  new  land  fit  for  cultivation  in  Norfolk  and 
indicates  anj  permanent  growth  of  the  eastern  limits  of  oor 
to  compensate  its  reiterated  losses.    No  delta  can  form  on 
ashore. 

Lnmediatelj  off  Yarmouth,  and  parallel  to  the  shore,  is  a  fnA' 
range  of  sand-bank^  the  shape  of  which  varies  slowlj  from  year  U'' 
year,  and  often  suddenly  after  great  storms.    Captain  Hewltl^BLX^ 
found  in  these  banks,  in  1836,  a  broad  channel  sizty«five  fiset  dBlfc;| 
where  there  was  only  a  depth  of  four  feet  during  a  prior  aorfi^iil! 
1822.    The  sea  had  excavated  to  the  depth  of  sixty  feet  in  the 
of  fourteen  years,  or  perhaps  a  shorter  period.    The  new 
thus  formed  serves  at  present  (1838),  for  the  entrance  of  ships  lite 
Yarmouth  Beads;  and  the  magnitude  of  this  change  shows  hsv 
easily  a  new  set  of  the  waves  and  currents  might  endanger  ths 
submergence  of  the  land  gained  within  the  ancient  estuary  of  ths 
Yare. 

That  great  banks  should  be  thrown  across  the  mouths  of  estotries 
on  our  eastern  coast,  where  there  is  not  a  large  body  of  river-wtter 
to  maintain  an  open  channel,  is  perfectly  intelligible,  when  we  betr 
in  mind  that  the  marine  curreot,  sweeping  along  the  coast,  is  chai^ 
with  the  materials  of  wasting  cliffs,  and  ready  to  form  a  bar  anywhere 
the  instant  its  course  is  interrupted  or  checked  by  any  opposii^ 
stream.  The  mouth  of  the  Yare  has  been,  within  the  last  five  oeo* 
turies,  diverted  about  four  miles  to  the  south.  In  like  manner  it  ii 
evident  that^  at  some  remote  period,  the  river  Aide  entered  the  sea  it 
Aldborough,  until  its  ancient  outlet  was  barred  up  and  at  leogtk 
transferred  to  a  point  no  less  than  ten  miles  distant  to  the  80Uth*weit 
In  this  case,  ridges  of  sand  and  shingle,  like  those  of  Lowestoff  Nefl» 
which  will  be  described  by  and  bye,  have  been  thrown  up  betweea 
the  river  and  the  sea ;  and  an  ancient  sea-cliff  is  to  be  seen  bow 
inland. 

It  may  be  asked  why  the  rivers  on  our  east  coast  are  ahrtj* 
deflected  southwards,  although  the  tidal  current  fiows  altenslfi^ 
from  the  south  and  north  ?  The  cause  is  to  be  found  in  the  superior 
force  of  what  is  commonly  called  '*  the  flood  tide  from  the  nortt»'  i 
tidal  wave  derived  from  the  Atlantic,  a  small  part  of  which  pSMOi 
eastward  up  the  English  Channel,  and  through  the  Straits  of  Dover 
and  then  northwards,  while  the  principal  body  of  water,  moving  aotk 
more  rapidly  in  a  more  open  sea,  on  the  western  side  of  Britain,  Int 
passes  the  Orkneys,  and  then  turning,  fiows  down  between  Norw9 
and  Scotland,  and  sweeps  with  great  velocity  along  our  eastern 
It  is  well  known  that  the  highest  tides  on  this  coast  are 


•  Taylor's  Geology  of  East  Norfolk,  p  10. 
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by  a  powerful  Dorth-west  wind,  which  raises  the  eastern  part  of  the 
Atlantic,  and  causes  it  to  pour  a  greater  volume  of  water  into  the 
German  Ocean.  This  circumstance  of  a  violent  off-shore  wind  being 
attended  with  a  rise  of  the  waters,  instead  of  a  general  retreat  of 
the  sea,  naturally  excites  the  wonder  of  the  inhabitants  of  our  coast. 
In  many  districts  they  look  with  confidence  for  a  rich  harvest  of  that 
valuable  manure,  the  sea-weed,  when  the  north-westerly  gales  pre- 
vail, and  are  rarely  disappointed. 

*  Cooit  of  Suffolk. — The  cliffs  of  Suffolk,  to  which  we  next  proceed, 
are  somewhat  less  elevated  than  those  of  Norfolk,  but  composed  of 
similar  alternations  of  clay,  sand,  and  gravel.  From  Gorleston  in 
Suffolk,  to  within  a  few  miles  north  of  Lowestoff,  the  cliffs  are  slowly 
undermined.  Near  the  last-mentioned  town,  there  is  an  inland  cliff 
about  sixty  feet  high,  the  sloping  talus  of  which  is  covered  with  turf 
and  heath.  Between  the  cliff  and  the  sea  is  a  low  flat  tract  of  sand, 
called  the  Ness,  nearly  three  miles  long,  and  for  the  most  part  out  of 
reach  of  the  highest  tides.    The  point  of  the  Ness  projects  from  the 


Fig.  32. 


Map  of  Lowestoff  Nest,  Suffolk.* 

«,  m.    The  dotted  lines  express  a  series  of  sand  and  shingle,  forming  the  extremity  of  the  triangular 

•Mce  called  the  Ness, 
i,  k,  b.    The  dark  line  represents  the  inland  cliff  on  which  the  town  of  Lowestoff  stands,  between 

whkfa  and  the  sea  is  the  Ness. 

base  of  the  original  cliff  to  the  distance  of  660  yards.  This  accession 
of  land,  says  Mr.  Taylor,  has  been  effected  at  distinct  and  distant 
intervals,  by  the  influence  of  currents  running  between  the  land  and 
a  shoal  about  a  mile  off  Lowestoff,  called  the  Holm  Sand.  The  lines 
of  growth  in  the  Ness  are  indicated  by  a  series  of  concentric  ridges 
or  embankments  inclosing  limited  areas,  and  several  of  these  ridges 
have  been  formed  within  the  observation  of  persons  now  living.  A 
rampart  of  heavy  materials  is  first  thrown  up  to  an  unusual  altitude 
by  some  extraordinary  tide,  attended  with  a  violent  gale.  Subsequent 
tides  extend  the  base  of  this  high  bank  of  shingle,  and  the  interstices 
are  then  filled  with  sand  blown  from  the  beach.  The  Arundo  and 
odier  marine  plants  by  degrees  obtain  a  footing  ;  and  creeping  along 
the  ridge,  give  solidity  to  the  mass,  and  form  in  some  cases  a  matted 
covering  of  turf.  Meanwhile  another  mound  is  forming  externally, 
which  by  the  like  process  rises  and  gives  protection  to  the  first.  If 
the  sea  forces  its  way  through  one  of  the  external  and  incomplete 
mounds,  the  breach  is  soon  repaired.  After  awhile  the  m^ine 
plants  within  the  areas  inclosed  by  these  embankments  are  succeeded 


*  From  Mr.  B.  a  Taylor's  Mem-,  see  FhiL  Mag.,  Oct,  1827,  p.  297. 
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by  %  better  qieoiee  of  berbege  tSa  iag  good  putarage,  and  tlie 
Mudt  become  ufficieDtlj  firm  to  ni^Mrt  btdldings. 

X)titr¥etio»   ef  Dttmoitk  i    «a.  —  Of  tbt    gradual  4^ 

ftmction  of  Doowicb,  onoe  tue  oonaidereblfl  Majiort  on  ibis 

poet^  we  bsTfl  muj  uthentie  reeorcu.  Grerdner,  in  his  liislor;  c' 
tliBt  boiongh,  pabli^ied  in  17M,  ahow^  \^  refeienoe  tu  dociiiaent% 
bc^mumg  witb  Do(»»d^  Book,  that  the  cliffs  at  Dimwick.  Soaii- 
void,  Eeitem,  and  FakefieU,  hare  been  alwaTS  aalgeet  tu  we^r  a«i;- 
At  Diwwich,  in  particnUr,  two  tracta  of  land  wliich  bad  been  laxri 
in  tbe  eletentli  centnrj,  in  the  time  of  King  Edward  tlie  ConfMOi 
^n  mentioned,  in  the  Conqnen^e  rarrey,  made  but  a  few  jmi 
afterward!,  ••  having  been  deroored  bj  the  eea.  Tbe  loceea,  it  • 
Mbfeqoent  period,  of  a  monaaterjr,  —at  another  dt  eereral  diurdM 
— afterwarda  of  the  old  por^— then  of  foor  hnndred  Lou»-s  at  odk 
^of  tfaie  ehorch  of  St.  Leonard,  the  high-road,  town-liull,  gaol,  and 
manj  other  baildings,  are  mentioned,  with  the  dalc-a  wli«ii  liwr 
periihed.  It  ia  itated  that,  in  the  aixteenth  centnrj,  not  une  iiuarw 
of  the  town  was  left  standing ;  jet  the  inhabitants  retrentlng  inlind. 
the  name  was  preserved,  as  has  been  the  case  with  mstiy  oilier  poru 
when  tbeir  ancient  site  has  been  blotted  out  Tbere  U,  liowever,  s 
obnreh,  of  considerable  antiquitj,  still  standing,  the  lust  of  twcln 
mentioned  in  some  records.  In  1740,  the  Ujing  open  of  the  cbiirrh- 
yard  of  St.  Nicholas  and  St.  Francis,  in  the  sea-cliffa,  is  well  describH 
bj  Gardner,  with  the  coffios  and  skeletons  exposed  to  view— soiu 
Ijing  on  the  beach,  and  rocked 

"  In  cradle  of  the  rude  impcriotu  mrge.* 

Of  these  cemeteries  no  remains  can  now  be  seeg.  Ttaj  also  sij*i 
"  that  ancient  writings  make  mention  of  a  wood  a  mile  nnd  a  half  to 
the  east  of  Dunwich,  the  site  of  which  must  at  present  be  m  Tt 
within  the  sea."*  This  city,  once  so  flourishing  and  populous,!* 
now  a  small  vilage,  with  about  twenty  booses,  and  one  hinidr«d 
inhabitants. 

There  is  an  old  tradition,  "that  the  tailors  satin  their  akopirt 
Dunwich.andsawtbe  ships  in  Tarmonth  Bay)"  botwhen  we  considff 
how  far  the  coast  at  Lowestoff  Ness  projects  between  these  ^ace% 
we  cannot  give  credit  to  the  tale,  which,  nevertheless,  proTes  b«W 
much  the  inroads  of  the  sea  in  times  of  old  had  prompted  mcfisf 
lively  imagination  to  indulge  their  taste  for  the  marvellous. 

Gardner's  description  of  the  cemeteries  laid  open  by  the  warts 
reminds  us  of  the  scene  which  has  been  so  well  depicted  byBe«ickt> 
and  of  which  numerous  points  on  the  same  coast  might  haves^ 
gested  the  idea.  On  the  verge  of  a  cliff,  which  the  sea  has  nndtr- 
mined,  are  represented  the  unshaken  tower  anif  western  end  of  M 
abbey.    The  eastern  aisle  ia  gone,  and  the  pillars  of  the  cloiattr  V* 
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soon  to  follow.  The  waves  have  almost  isolated  the  promontory,  and 
invaded  the  cemetery,  where  they  have  made  sport  with  the  mortal 
relics^  and  thrown  up  a  skull  upon  the  beach.  In  the  foreground  is 
seen  a  broken  tombstone^  erected,  as  its  legend  tells,  ''to  perpetuate 
the  memory'' — of  one  whose  name  is  obliterated,  as  is  that  of  the 
county  for  which  he  was  "Gustos  Rotulorum."  A  cormorant  is 
perched  on  the  monument,  defiling  it,  as  if  to  remind  some  moralizer, 
like  Hamlet,  of  "the  base  uses"  to  which  things  sacred  may  be 
tamed.  Had  this  excellent  artist  desired  to  satirize  certain  popular 
theories  of  geology,  he  might  have  inscribed  the  stone  to  the  memory 
of  some  philosopher  who  taught  ''  the  permanency  of  existing  con- 
tinents"— "the  era  of  repose" — "the  impotence  of  modem  causes." 

The'  incursions  of  the  sea  at  Aldborough  were  formerly  very 
destmctive,  and  this  borough  is  known  to  have  been  once  situated  a 
quarter  of  a  mile  east  of  the  present  shore.  The  inhabitants  con- 
tinued to  build  farther  inland,  till  they  arrived  at  the  extremity  of 
their  property,  and  then  the  town  decayed  greatly ;  but  two  sand- 
banks, thrown  up  at  a  short  distance,  now  afford  a  temporary  safe- 
guard to  the  coast.  Between  these  banks  and  the  present  shore, 
where  the  current  now  flows,  the  sea  is  twenty-four  feet  deep  on  the 
spot  where  the  town  formerly  stood. 

£$sex.  —  Harwich  is  said  to  have  owed  its  rise  to  the  destruction  of 
Orwell,  a  town  which  stood  on  the  spot  now  called  "  the  west  rocks,  ** 
and  was  overwhelmed  by  an  inroad  of  the  sea  since  the  Conquest. 
Apprehensions  have  been  entertained  that  the  isthmus  on  which 
Harwich  stands  may  at  no  remote  period  become  an  island,  for  the 
sea  may  be  expected  to  make  a  breach  near  Lower  Dover  Court, 
where  Beacon  Cliff  is  composed  of  horizontal  beds  of  London  clay 
containing  septaria.  It  had  wasted  away  considerably  between  the 
years  1829  and  1838,  at  both  which  periods  I  examined  this  coast. 
In  that  short  interval  several  gardens  and  many  houses  had  been 
swept  into  the  sea,  and  in  April,  1 838,  a  whole  street  was  threatened 
with  destruction.  The  advance  of  the  sea  is  much  accelerated  by  the 
traffic  carried  on  in  septaria,  which  are  shipped  off  for  cement  as  fast 
as  they  fall  down  upon  the  beach.  These  stones,  if  allowed  to  remain 
in  heaps  on  the  shore,  would  break  the  force  of  the  waves,  and  retard 
the  conversion  of  the  peninsula  into  an  island,  an  event  which  might 
be  followed  by  the  destruction  of  the  town  of  Harwich.  Captain 
Washington,  R.  N.,  ascertained  in  1847,  that  Beacon  Cliff  above  men- 
tioned, which  is  about  fifty  feet  high,  had  given  way  at  the  rate 
of  forty  feet  in  forty-seven  years,  between  1709  and  1756;  eighty 
feet  between  1766  and  1804 ;  and  three  hundred  and  fifty  feet  between 
the  latter  period  and  1841 ;  showing  a  rapidly  accelerated  rate  of  de- 
stroction.  * 

Among  other  losses  it  is  recorded,  that,  since  the  year  1807,  a  field 
called  the  Vicar's  Field,  which  belonged  to  the  living  of  Harwich,  has 
been  overwhelmed f ;  and  in  the  year  1820  there  was  a  considerable 

•  Tidal  Harbour  Commissionen' First  f  On  anthority  of  Dr.  Mitchell,  F.G.S. 
Beport,  1845,  p.  176. 
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wfiM  betwwn  dw  bftttarjr  M  I  built  in  the  boginning  of  tte 

pceMOt  «entiiT]r,  and  the        i  p  'the  fortification   hod  b«a 

■wept  imj  in  162^  tad  the  t  a  oreihung  the  naier. 

At  Walton  Nai%  in  the  te  c  ntj,  the  eliffs,  compooed  «t 
London  elay,  capped  bj  the  iiji  a  <^  the  crag,  reach  the  hdght 
of  about  100  feet,  and  are  am  ly  nndennined  by  the  irarea.  The 
old  charchjard  ot  Walton  has  mahed  away,  and  the  difft  lo 

the  aonth  are  constantly  dinppi 

XmU. — lA  <f  8/Uppef. — On  tun  eoaat  boandin;;  iho  catuatyof 
Ae  Iliamea,  there  are  nnmerona  e^tamidoa  both  of  the  gain  and  1m 
of  land.  Thelaleof  Sbeppey,  which  ia  now  abont  six  miies  \oagiif 
teat  in  breadth,  ia  compoeed  of  London  clay.  The  clitTs  on  the  notib, 
which  are  from  aixty  to  «gh^  feM  high,  decay  rapidly,  fifty  aov 
having  bean  kat  in  twenty  yeara,  between  1810  itnd  1830.  He 
ehtirdi  U  Ifinater,  now  near  the  coast,  is  aaid  to  Lave  been  in  the 
middle  of  the  island  in  1780;  and  if  the  preaent  rate  of  destroctjoo 
■hoold  coptinn^  we  might  calcolate  the  period,  and  that  not  a  vcty 
remoteotte,  when  the  wh(^  island  will  be  annihilated.  Ou  tliccoutuf 
the  -i«ii»i*mt  to  the  east  of  Sheppey  is  Heme  Bay ;  a  place  etill  re- 
tuning  the  name  of  a  bay,  although  it  is  no  longer  a(>prnpnati?,  a«  tiie 
wares  and  cnrrents  haVe  swept  away  the  ancient  henillnnds.  Tbrn 
was  formerly  a  small  promontory  in  the  line  of  the  shoals  wh»e  the 
present  pier  is  built,  by  which  the  larger  bay  was  divided  into  two 
called  the  Upper  and  Lower.* 


I.  Mattahgpfiij. 


Still  farther  east  stands  the  cbarch  of  ReculTer,  npon  a  diff  earn* 
poeed  of  clay  and  sand,  about  twenty-five  feet  high.  Becnlrw  (Be* 
gulvium)  was  an  important  military  station  in  the  time  of  Aa 
Romanf,  and  appears,  from  Leland's  account,  to  have  been,  ao  late  as 
Henry  VUI.'s  reign,  nearly  one  mile  distant  from  the  aea.     In  Al 

■  On  Ihe  snthoritj  of  W.  Gnnnd,  Esq,  and  ff.  BfehariiOB,  Bw^,  F.Q  R 
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"  Gendenun's  Hagazine"  there  is  a  view  of  it,  taken  in  1761,  which 
still  represents  a  considerable  space  as  interrening  between  the 
north  wall  of  the  chorchj'ard  and  the  cliff.  *  Some  time  before  the 
jear  1780,  the  waves  had  reached  the  site  of  the  ancient  Boman 
camp,  or  fortification,  the  walla  of  which  had  continned  for  seyeral 
yean  after  they  were  undermined  to  overhang  the  sea,  being  firmly 
cemented  into  one  mass.  They  were  eighty  yards  nearer  the  sea 
than  the  church,  and  they  are  spoken  of  in  the  "  Topograph] ca 
Britannica,"  in  the  year  1780,  as  having  recently  fallen  down.  In 
1804,  part  of  the  churchyard  with  some  adjoining  hoases  was  washed 
away,  and  the  ancient  chnrch,  with  its  two  tpiret,  was  dismantled 
and  abandoned  as  a  place  of  worship,  but  kept  in  repair  as  a  landmark 
well  known  to  mariners.  I  visited  the  spot  in  June,  1851,  and  saw 
hamao  bones  and  part  of  a  wooden  coffin  projecting  from  the  cliff, 
near  the  top.     The  whole  building  would  probably  have  been  swept 


away  long  ere  this,  had  not  the  force  of  the  waves  been  checked  by 
an  artificial  causeway  of  stones  and  large  wooden  pilea  driven  into 
the  sands  on  the  beach  to  break  the  force  of  the  waves. 

ItU  of  Thatut.  —  The  isle  of  Tbanet  was,  in  the  time  of  the 
Romans,  separated  from  the  rest  of  Kent  by  a  navigable  channel, 
throQgh  wbich  the  Homan  fleets  sailed  on  their  way  to  and  from 
London.  Bede  describes  this  small  estuary  as  being,  in  the  beginning 
of  tbe  eighth  century,  three  furlongs  in  breadth  ;  and  it  is  supposed 
that  it  b^an  to  grow  shallow  about  the  period  of  the  Norman  con- 

•  ToL  ii.  Hew  KT.  1809,  p.  BOl. 
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qvMt  It  WMMbr  tilted  ttpiDtb«j«u-148£,tliituiaflt«« 
•buiaert  to  bdli  ■  bridge  ■erow  it ;  and  it  hu  Bince  baoamtmmi 
lead  with  muU  itreuiu  muiiiig  throngh  it  On  die  eoit,  BeAa 
Ftom,  bdenging  to  the  hoepitel  of  that  tiiiiui,  lost  eight  eone  ii-  Ibi 
tveo^  Teen  pneediog  1880b  the  land  bang  oompoeod  of  dalk  flna 
tm^  to  flffy  fitet  above  the  lerel  of  the  eea.  It  haa  bsra  enapM^ 
that  the  avenge  wMto  of  the  eliff  between  tbe  North  rnrriiaJ  mi 
tte  BaeolTen,  a  diatanoe  of  about  eloTen  miles,  ia  not  leae  than  tw 
ftet  par  annum.  The  chalk  cli£b  on  the  aonth  <tf  Thanet^  betw 
Tiamfato  and  PagweU  Baj,  haTo  on  an  average  loat  three  fak|V 
anaam  fiw  the  last  tan  jeara  (preceding  1880). 

GaoArm  Smdk— The  Goodwin  Sandi  lie  oppoaito  tUa  part  rf 
the  Kantiih  ooaat  Tbej  are  about  ten  milee  in  length,  and  «■  ii 
■one  parta  three,  and  in  others  aevoi,  milea  diatast  from  Um  ahMai 
•ad,  fiar  a  ceMain  apaec^  are  Uid  bare  at  low  water.  That  Ik^m 
» temnant  of  land,  and  not  "a  mere  aceomulation  of  aea  aaa^*  ■ 
Bennell  imagined  *,  maj  be  presnmed  from  the  fact  that,  wha  tie 
erection  of  a  lighthooie  on  thia  ahoal  was  in  contemphition  bf  Al 
Trini^  Board  in  the  rear  1817,  it  was  fonnd,  hj  borings,  Oat  Al 
bank  conosted  of  lliteen  feet  of  und,  resting  on  bloc  dajt  aal,tf 
snb»equeat  borings,  the  subjacent  chalk  has  been  readed.  ia 
obscure  tradition  has  come  down  to  us,  tbst  the  estates  of  Eid 
Goodwin,  the  father  of  Harold,  who  died  in  the  year  1053,  wen 
situated  here,  and  some  have  conjectured  that  the;  were  orerwbelaed 
by  the  fiood  mentioned  in  the  Saxon  chronicle,  tub  anno  1099.  TIm 
last  remains  of  an  islsnd,  consisting,  like  Sheppey,  of  clay,  mtf 
perhaps  have  been  carried  away  about  that  time. 


There  are  other  records  of  waste  in  ibe  county  of  I&n^  Mat  Deal; 
and  at  Dover,  where  Shakspearc's  Cliff,  composed  entirely  of  dMl^ 


*  Qeog.  of  Herod,  vol.  it.  p.  316. 
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has  suffered  greatly,  and  continually  diminishes  in  height,  the  slope  of 
the  hill  being  towards  the  land.  (See  fig.  35.)  There  was  an  immense 
landslip  from  this  cliff  in  1810,  by  which  Dover  was  shaken  as  if  by 
an  earthquake,  and  a  still  greater  one  in  1772.*  Wo  may  suppose, 
therefore,  that  the  view  from  the  top  of  the  precipice  in  the  year 
1600,  when  the  tragedy  of  King  Lear  was  written,  was  more  '*  fearful 
and  dizcy"  than  it  is  now.  The  best  antiquarian  authorities  are 
agreed,  that  Dover  Harbour  was  formerly  an  estuary,  the  sea  flowing 
up  a  valley  between  the  chalk  hills.  The  remains  found  in  different 
excavations  confirm  the  description  of  the  spot  given  by  CsBsar  and 
Antoninus^  and  there  is  clear  historical  evidence  to  prove  that  at  an 
early  period  there  was  no  shingle  at  all  at  Dover,  f 

Straits  of  Dover, — In  proceeding  from  the  northern  parts  of  the 
German  Ocean  towards  the  Straits  of  Dover,  the  water  becomes 
gradually  more  shallow,  so  that,  in  the  distance  of  about  two  hundred 
leagues,  we  pass  from  a  depth  of  120  to  that  of  .68,  38,  18^  and  even 
less  than  2  fathoms.  The  shallowest  part  follows  a  line  drawn  be- 
tween Bomney  Marsh  and  "Boulogne.  From  this  point  the  English 
Channel  again  deepens  progressively  as  we  proceed  westward,  so  that 
the  Straits  of  Dover  may  be  said  to  part  two  seas. } 

Whether  England  was  formerly  united  with  France  has  oflen  been 
a  favourite  subject  of  speculation.  So  early  as  1605  our  countryman 
Verstegan,  in  his  ^Antiquities  of  the  English  Nation,"  observed  that 
many  preceding  writers  had  maintained  this  opinion,  but  without 
supporting  it  by  any  weighty  reasons.  He  accordingly  endeavours 
himself  to  confirm  it  by  various  arguments,  the  principal  of  which 
are,  first,  the  proximity  and  identity  of  the  composition  of  the 
opposite  cliffs  and  shores  of  Albion  and  Gallia,  which,  whether  flat 
and  sandy,  or  steep  and  chalky,  correspond  exactly,  with  each  other ; 
secondly,  the  occurrence  of  a  submarine  ridge,  called  ^*  our  Lady's 
Sand, "  extending  from  shore  to  shore  at  no  great  depth,  and  which, 
from  its  composition  appears  to  be  the  original  basis  of  the  isthmus ; 
thirdly,  the  identity  of  the  noxious  animals  in  France  and  England, 
which  could  neither  have  swum  across,  nor  have  been  introduced  by 
man.  Thus  no  one,  he  says,  would  have  imported  wolves,  therefore 
*' these  wicked  beasts  did  of  themselves  pass  over.**  He  supposes  the 
ancient  isthmus  to  have  been  about  six  English  miles  in  breadth, 
composed  entirely  of  chalk  and  flint,  and  in  some  places  of  no  great 
height  above  the  sea-level.  The  operation  of  the  waves  and  tides,  he 
says,  would  have  been  more  powerful  when  the  straits  were  narrower, 
and  even  now  they  are  destroying  cliffs  composed  of  similar  materials. 
He  suggests  the  possible  co-operation  of  earthquakes ;  and  when  we 
consider  how  many  submarine  forests  skirt  the  southern  and  eastern 
shores  of  England,  and  that  there  are  raised  beaches  at  many  points 

•  DodAefn  Ann.  Rcgist.  1772.  %  Stevenson,  Ed.  PhiL  Jonm.  No.  v. 

t  See  J.  R  Redman  on  Changes  of  p.  45.,  and  I>r.  Fitton,  GeoL  Trans., 

S.E.  Coast  of  England,  Proceed.  Instit  2d  aeries,  voL  iv.  plate  9. 
Civil  Engin.  vol  il  1851,  1852. 
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above  the  wtt^ianif  ccmtaiiiiiig  fiMtil  shdb  of  leoeiil  speefai^  it 
TCMontUe  to  BQppoae  that  each  upward  and  downwud  m< 
taldiig  plaoe  perhaps  as  slowly  as  those  now  in  progress  in  flwedsn 
and  Oreenland,  may  have  greatlj  assisted  the  denuding  force  of  ^tte 
ocean  streanii'*  llbrafioco  fttya  aOtvoc  Occayoco. 

FMiiime*  —  At  Folkstoney  the  sea  undermines  tiie  chalk  and 
snlgaoent  strata.  Aboot  the  year  1716  there  was  a  remaikalls 
sinking  <^  a  traot  of  land  near  the  sea,  so  that  houses  became  visftla 
ftcm  certain  points  at  sea,  and  from  particular  spots  on  the  sea  diftb' 
fhmi  whence  thqr  could  not  be  seen  previously.  In  the  deaeripllsn 
of  this  subsidence  in  the  FhiL  Trans.  1716,  it  is  said,  <<that  the  kal 
consisted  of  a  »did  stony  mass  (chalk),  resting  on  wet  day  (gmdtX  *" 
that  it  slid  forwards  towards  the  sea,  just  as  a  ship  is  lannehed  en 
taUowed  planks.**  It  is  also  stated  that,  within  the  memoty  ef 
persons  then  living^  the  cliff  there  had  been  washed  away  to  the  esiSBt 
of  ten  rods. 

Bneroachmenta  of  the  sea  at  Hythe  are  also  on  xeeofdi  bfll 
between  this  point  and  Bye  there  has  been  a  gain  of  land  widiiii  As 
times  of  histcwy ;  the  rich  level  tract  called  Bomney  Mara^  or 
DungenesSi  about  ten  miles  in  width  and  five  in  breadth,  and  ftnssA 
of  sUt^  having  received  great  accession.  It  has  been  necesssiy, 
however,  to  protect  it  from  the  sea,  from  the  earliest  periods,  ij 
embankments,  the  towns  of  Lydd  and  Romney  being  the  only  parts 
of  the  marsh  above  the  level  of  the  highest  tides.*  Mr.  Redman 
has  cited  numerous  old  charts  and  trustworthy  authorities  to  prove 
that  the  average  annual  increase  of  the  promontory  of  shingle  called 
Dungeness  amounted  for  two  centuries,  previous  to  1844,  to  nearly 
six  yards.  Its  progress,  however,  has  fluctuated  during  that  period ; 
for  between  1689  and  1794,  a  term  of  105  years,  the  rate  was  as 
much  as  8^  yards  per  annum,  f  It  is  ascertained  that  the  shingle 
is  derived  from  the  westward.  Whether  the  pebbles  are  stopped  by 
the  meeting  of  the  tide  from  the  north  flowing  through  the  Straits  of 
Dover,  with  that  which  comes  up  the  Channel  from  the  west,  as  was 
formerly  held,  or  by  the  check  given  to  the  tidal  current  by  the  waters 
of  the  Bother,  as  some  maintain,  is  still  a  disputed  question. 

Bye,  situated  to  the  south  of  Romney  Marsh,  was  once  de> 
stroyed  by  the  sea,  but  it  is  now  two  miles  distant  from  it.  The 
neighbouring  town  of  Winchelsea  was  destroyed  in  the  reign  of 
Edward  L,  the  mouth  of  the  Bother  stopped  up,  and  the  river 
diverted  into  another  channel.  In  its  old  bed,  an  ancient  vend, 
apparently  a  Dutch  merchantman,  was  found  about  the  year  1824. 
It  was  built  entirely  of  oak,  and  much  blackened.  %  Large  quantities 
of  hazel-nuts,  peat,  and  wood  are  found  in  digging  in  Bomney  Marsh. 
South  coast  of  England,  —  Westward  of  Hastings,  or  of  St. 
Leonard's,  the  shore-line  has  been  giving  way  as  far  as  Pevensey  Bay, 
where  formerly  there  existed  a  haven  now  entirely  blocked  up  by 

*  On  the  anthoritj  of  Mr.  J.  Mcryon,       f  Redmsn,  ibid,  ne  n.  SIS. 
ofBje.  t  Edin.  Journ.  of  ScL  Ka  xiz.  PL  SC 
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shingle.  The  degradation  has  equalled  for  a  series  of  years  seven 
feet  per  annum  in  some  places,  and  several  martello  lowers  had  in 
consequence,  before  1851,  been  removed  by  the  Ordnance.*  At  the 
promontory  of  Beachy  Head  a  mass  of  chalk,  three  hundred  feet  in 
length,  and  from  seventy  to  eighty  in  breadth,  fell  in  the  year  1813 
with  a  tremendous  crash ;  and  similar  slips  have  since  been  fre- 
quent, f 

About  a  mile  to  the  west  of  the  town  of  Newhaven,  the  remains 
of  an  ancient  entrenchment  are  seen  on  the  brow  of  Castle  Hill. 
This  earthwork,  supposed  to  be  Roman,  was  evidently  once  of  con- 
siderable extent  and  of  an  oval  form,  but  the  greater  part  has  been 
cut  away  by  the  sea.  The  cliffs,  which  are  undermined  here,  are 
high ;  more  than  one  hundred  feet  of  chalk  being  covered  by  tertiary 
clay  and  sand,  from  sixty  to  seventy  feet  in  thickness.  In  a  few 
centuries  the  last  vestiges  of  the  plastic  clay  formation  on  the  south- 
em  borders  of  the  chalk  of  the  South  Downs  on  this  coast  will  pro- 
bably be  annihilated,  and  future  geologists  will  learn,  from  historical 
documents,  the  ancient  geographical  boundaries  of  this  group  of  strata 
in  that  direction.  On  the  opposite  side  of  the  estuary  of  the  Ouse,  on 
the  east  of  Newhaven  harbour,  a  bed  of  shingle,  composed  of  chalk 
flints  derived  from  the  waste  of  the  adjoining  cliffs,  had  accumulated 
at  Seaford  for  several  centuries.  In  the  great  storm  of  November, 
1824,  this  bank  was  entirely  swept  away,  and  the  town  of  Seaford 
inundated.  Another  great  beach  of  shingle  is  now  forming  from' 
fresh  materials. 

The  whole  coast  of  Sussex  has  been  incessantly  encroached  upon 
by  the  sea  from  time  immemorial ;  and,  although  sudden  inundations 
only,  which  overwhelmed  fertile  or  inhabited  tracts,  are  noticed  in 
history,  the  records  attest  an  extraordinary  amount  of  loss.  During 
a  period  of  no  more  than  eighty  years,  there  are  notices  of  about 
twenty  inroads,  in  which  tracts  of  land  of  from  twenty  to  four 
hundred  acres  in  extent  were  overwhelmed  at  once,  the  value  of  the 
tithes  being  mentioned  in  the  Taxatio  £cclesiastica.j:  In  the  reign 
of  Elizabeth,  the  town  of  Brighton  was  situated  on  that  tract  where 
the  chain  pier  now  extends  into  the  sea.  In  the  year  1665  twenty- 
two  tenements  had  been  destroyed  under  the  cliff.  At  that  period 
there  still  remained  under  the  cliff  113  tenements,  the  whole  of  which 
were  overwhelmed  in  1703  and  1705.  No  traces  of  the  ancient 
town  are  now  perceptible,  yet  there  is  evidence  that  the  sea  has 
merely  resumed  its  ancient  position  at  the  base  of  the  cliffs,  the  site 
of  the  whole  town  having  been  merely  a  beach  abandoned  by  the 
ocean  for  ages. 

Hampshire,  —  Isle  of  Wight  —  It  would  be  endless  to  allude  to 
all  the  localities  on  the  Sussex  and  Hampshire  coasts  where  the  land 
has  given  way;  but  I  may  point  out  the  relation  which  the  geological 

•  Redman  as  cited,  p.  315.  \  Mantell,  Geology  of  Sussex,  p.  293. 

t  Webster,  GeoL  Trans.  voL  iL  p.  192. 
1st  series. 
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ttrvotim  of  the  Isle  of  Wight  been  to  its  fHreeent  8hepe»  is 
that  the  eoest  oires  its  ootlioe  to  the  eootiniied  action  of  the  mi^, 
Tluroiigh  the  Biiddie  of  the  ishmd  rnos  a  high  ridge  of  dialk 
in  a  Tertical  position,  and  in  a  direction  east  and  west    lUs 
ibrms  the  prcgeeting  promontory  of  CnlTer  Qiff  on  the  easl^  sndrf 
the  Needles  on  the  wests  while  Sandown  Bay  on  the  one  Mb,  sal 
Compton  Bay  on  the  other,  have  been  hollowed  out  of  the  ssAtf 
sands  and  argiUaceoos  strata,  which  are  inferior,  in  geologiesl  psrf- 
don,  to  the  chalk. 

llie  tame  phenomena  are  repeated  in  the  Iile  of  Porbeek,  wMl 
the  line  of  vertical  chalk  forms  the  projecting  innomontory  of  HandfeU 
Point ;  and  Swanage  Bay  marks  the  deep  excavation  made  hf^\ 
waves  in  the  softer  strata,  corresponding  to  those  of  Sandown  Bay. 

Bmni  Cattle  bamk — proffremve      Horn  qftea  ieaekii,     Allhonjh 
the  loose  pebbles  and  grains  of  «       o  onposing  any  given  line  of  sbp*'] 
beach  are  carried  sometimes  o     way,  sometimes  another,  they  hiiv  !^ 
nevertheless^  an  nltimate  moti      in      e  particular  direction.*    1M  . 
progress,  for  example^  on  the  sonth  o  ist  of  England,  is  fttMn  wert  19  ^ 
east,  which  is  owing  partly  to  the  aiition  of  the  waves  driven  siiN 
wards  by  the  prevailing  wind,  and  ]      ly  to  the  carrent^  or  themoliill 
of  the  general  body  of  water  caused  by  the  tides  and  winds.    TM 
force  of  the  wa^es  gives  motion  to  pebbles  which  the  velocity  of  tbt 
currents  alone  would  be  unable  to  carry  forwards ;  but  as  the  pebbkl 
are  finally  reduced  to  sand  or  mud,  by  continual  attrition,  thej  sre 
brought  within  the  influence  of  a  current;   and  this  cause  mitfl 
determine  the  course  which  the  main  body  of  matter  derived  fnmi 
wasting  cliffs  will  eventually  take. 

It  appears,  from  the  observations  of  Mr.  Palmer  and  others,  that  if 
a  pier  or  groin  be  erected  anywhere  on  our  soutliern  or  south-eastera 
coast  to  stop  the  progress  of  the  beach,  a  heap  of  shingle  soon  eoUeeU 
on  the  western  side  of  such  artificial  barriers.  The  pebbles  contfinie 
to  accumulate  till  they  rise  as  high  as  the  pier  or  groin,  after  which 
they  pour  over  in  great  numbers  during  heavy  gales.f 

The  western  entrance  of  the  Channel,  called  the  Solent,  is  crossed 
for  more  than  two  thirds  of  its  width  by  the  shingle-bank  of  Hont 
Castle,  which  is  about  two  miles  lontr,  seventy  yards  broad  and 
twelve  feet  high,  presenting  an  inclined  plane  to  the  west  This 
singular  bar  consists  of  a  bed  of  rounded  chalk  flints,  resting  oo  s 
submarine  argillaceous  base.  The  flints  and  a  few  other  pebbkfl^  t»r 
termixed,  are  derived  from  the  waste  of  Hordwell,  and  oUier  clifi  Is 
the  westward,  where  tertiary  strata,  capped  with  a  covering  of  broken 
chalk  flints,  from  five  to  fifty  feet  thick,  are  rapidly  undermined.  In 
the  great  storm  of  November,  1824,  this  bank  of  shingle  was  moved 
bodily  forwards  for  forty  yards  towards  the  north-east ;  and  certain 
piles,  which  served  to  mark  the  boundaries  of  two  manon^ 


*  See  Palmer  on  Shingle  Beaches,  down  ;  and  are  naed  either  to  break  tks 

PhiL  Trans.  1834,  p.  568.  force  of  the  waves,  or  to  raHia  tbo 

t  Groins  are  formed   of  piles   and  beach, 
wooden  planks,  or  of  faggots  staked 
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od  aft^  tiie  atom  on  the  opposite  sde  of  the  bar.  At  the  aane 
e  manj  acres  of  pasture  land  were  coreied  bj  shingle,  on  the 
n  of  Weatorer,  near  Ljndngtoo.  But  the  bar  was  aooo  restored 
ts  old  position  bj  pd>Ues  drifted  from  the  west ;  and  it  appears 
n  andent  maps  that  it  has  preserred  the  saaae  general  outline  and 
ition  for  centories.* 

lir.  Austen  remarks  that,  as  a  general  role,  it  is  onfy  when  high 
»  oonenr  with  a  gale  of  wind,  diat  the  sea  reaches  the  base  of  cl^ 
18  to  undermine  them  and  throw  down  earth  and  stone.  But  the 
ires  are  popetoallj  employed  in  abrading  and  fiuhioning  the  ma- 
lab  already  strewed  over  the  beach.  Mach  of  the  grsTel  and 
ogle  is  always  traTelling  up  and  down,  between  high-water  mark 
I  a  slight  depth  below  the  level  of  the  lowest  tides,  and  occa- 
lally  the  materiald  are  swept  away  and  carried  into  deeper  water, 
ring  to  these  movements  every  porUon  of  oar  soathem  coast 
J  be  seen  at  one  time  or  other  in  the  condition  of  bare  rock, 
t  other  beds  of  sand  and  shingle  soon  coUect,  and,  although  com* 
^  of  new  materials,  invariably  exhibit  on  the  same  spots  precisely 
lilar  characters-t 

Fhe  cliffs  between  Hurst  Shingle  Bar  and  Christchorch  are  under- 
oed  continually,  the  sea  having  often  encroached  for  a  series  of 
in  at  the  rate  of  a  yard  annually.  Within  the  memory  of  persons 
w  living,  it  has  been  necessary  thrice  to  remove  the  coast-road 
ther  inland.  The  tradition,  therefore,  is  probably  true,  that  the 
arch  of  Hordwell  was  once  in  the  middle  of  that  parish,  although 
w  (1830)  very  near  the  sea.  The  promontory  of  Christchurch 
sad  gives  way  slowly.  It  is  the  only  point  between  Lymington 
i  Poole  Harbour,  in  Dorsetshire,  where  any  hard  stony  masses 
Jur  in  the  clifis.  Five  layers  of  large  ferruginous  concretions, 
newhat  like  the  septaria  of  the  London  clay,  have  occasioned  a 
istance  at  this  point,  to  which  we  may  ascribe  this  headland.  In 
)  mean  time,  the  waves  have  cut  deeply  into  the  soft  sands  and 
m  of  Poole  Bay  ;  and,  after  severe  frosts,  great  landslips  take 
ce,  which  by  degrees  become  enlarged  into  narrow  ravines,  or 
nes,  as  they  are  called,  with  vertical  sides.  One  of  these  chines, 
IT  Boscomb,  has  been  deepened  twenty  feet  within  a  few  years.  At 
I  head  of  each  there  is  a  spring,  the  waters  of  which  have  been 
efly  instnmiental  in  producing  these  narrow  excavations,  which 
sometimes  from  100  to  160  feet  deep. 

Tsle  of  Portland,  —  The  peninsulas  of  Purbeck  and  Portland  are 
itinually  wasting  away.  In  the  latter,  the  soft  argillaceous  sub- 
itum (£[immeridge  clay)  hastens  the  dilapidation  of  the  superin- 
abent  mass  of  limestone. 

[n  1665  the  cliffs  adjoining  the  principal  quarries  in  Portland 
re  way  to  the  extent  of  one  hundred  yards,  and  fell  into  the  sea  ; 
I  in  December,  1734,  a  slide  to  the  extent  of  150  yards  occurred 

Redman  as  cited,  p.  315.  the  Engli&h  Channel,  Quart.  Joom.  O. 

Bob.  A.  C.  Austen  on  the  Valley  of    S.  yoL  vi.  p.  72. 
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on  the  east  side  of  the  isle,  bj  which  several  skeletons,  buried  be* 
tween  slabs  of  stone,  were  discovered.  But  a  much  more  memonble 
occurrence  of  this  nature,  in  1792,  occasioned  probably  by  the  under 
mining  of  the  cliffs,  is  thus  described  in  Hutchin's  History  of  Donefe- 
shire:  — *'  Early  in  the  morning  the  road  was  observed  to  crack:  tkb 
continued  increasing,  and  before  two  o'clock  the  groand  had  wak 
several  feet,  and  was  in  one  continued  motion,  but  attended  witk 
no  other  noise  tlian  what  was  occasioned  by  the  separation  of  the 
roots  and  brambles,  and  now  and  tlien  a  falling  rock.  At  niglit  it 
seemed  to  stop  a  little,  but  soon  moved  again  ;  and,  before  inomii^ 
the  ground  'from  the  top  of  the  cliff  to  the  water-side  had  rank  ia 
some  places  fifty  feet  perpendicular.  The  extent  of  ground  tint 
moved  was  about  a  mile  and  a  quarter  from  north  to  south,  tnd 
600  yards  from  east  to  west" 

Formation  of  the  Chesil  Bank, — Portland  is  connected  with  the 
mainland  by  the  Clicsil  Bank,  a  ridge  of  shingle  about  seventeea 
miles  in  length,  and,  in  most  places,  nnarly  a  quarter  of  ft  mile  ii 
breadth.  The  pebbles  forming  this  immense  barrier  are  chieij 
siliceous,  all  loosely  thrown  together,  and  rising  to  the  height  ok 
from  twenty  to  thirty  feet  above  the  ordinary  high-water  mark ;  tnd 
at  the  south-eastern  end,  which  is  nearest  the  Isle  of  Portland,  when 
tlie  pebbles  urc  liirfrcst,  forty  foct.  The  fundamental  rocks  whereon 
tlie  shiniile  rests  are  found  iit  the  depth  of  a  few  yanls  only  below  the 
level  of  tlie  sea.  The  formation  of  that  part  of  the  bar  which 
attaches  Portland  to  the  mainland  may  have  been  due  to  an  original 
shoal  or  reif,  or  to  the  Pet  of  tlie  tides  in  the  narrow  channel  ^T 
which  tlie  course  of  the  pehMes,  which  are  always  coming  from  the 
west,  has  been  arreste*].  It  is  a  siii^riilar  fact,  that,  throughout  tli? 
Chesil  Bank,  the  ])ebl)l«s  increase  «:radually  in  size  as  we  prooet^l 
south-eastward,  or  as  we  go  farther  from  the  quarter  which  suppW 
them.  Had  tlui  case  been  reversed,  we  should  naturally  have  attri- 
buted the  eireumstance  to  the  constant  wearinjr  down  of  the  pebMi? 
by  friction,  as  they  are  rolled  alon;:;  a  beach  seventeen  miles  in  Icn^i" 
But  the  true  explanation  of  the  phenomenon  is  doubtless  this,  thiJ 
tidal  current  runs  strongest  from  west  to  east,  and  its  power  i.* 
greater  in  the  more  open  channel  or  farther  from  the  land.  In  othrr 
words  its  force  incna<es  southwards,  and  as  the  direction  of  the  bank 
is  from  nurth-west  to  soutli-east,  the  size  of  the  masses  coming  from  the 
westward  and  thrown  ashore  must  always  be  largest  where  the 
motion  of  the  water  is  most  violent.  Colonel  Ueid  states  that  all  cal- 
careous stoin's  rolled  along  from  the  wcjst  are  soon  ground  into  sand, 
and  in  this  form  tln'v  pass  round  Torthmd  I>land.* 

The  storm  of  ls24  burst  over  the  Chesil  Bank  with  great  fury, 
and  the  village  of  Chesilton,  built  upon  its  southern  extremitv,  wt* 
ovrrwhelmed,  with  many  of  the  inhabitants.  The  same  storm  ca^ 
ried  away  part  of  the  Breakwater  at  Plymouth,  and  huffe  masses  ^ 

*  Skc  \\\\\\\rr  cm  Motion  r.f  Sliiii-lo  C<\.  Sir  W.  Kciil.  TApCrt  of  Bojil 
Ik;ul;»>,  I'hil.  Trans.  1834,  p.  bd^.  ;  and     Kngiuccw,  lS3i*,  voL  ii.  p.  laS. 
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from  two  to  five  tons  in  weight,  were  lifted  from  the  boltom  of 
emther  Bide,  and  rolled  f&irlj  to  the  top  of  the  pile.  One  block 
lestone,  wei;;iiing  seven  tons,  was  washed  round  the  western 
nity  of  tlie  Bre;ikwiiter,  and  carried  150  feet.*  The  propelling 
:  ia  derived  in  these  cases  from  the  breaking  of  the  wares, 
1  ruQ  fastest  in  shallow  water,  and  for  a  short  apace  far  exceed 
ost  rapid  cnrrents  in  swiftness.  It  was  in  the  same  month  and 
uring  a  spring-tide,  that  a  great  flood  is  mentioned  on  the  cc^ta 
gland,  in  the  year  1099.  Florence  of  Worcester  says,  "  On  the 
day  of  the  nones  of  Nov.  1099,  the  sea  came  out  upon  the  shore 
nried  towns  and  men  very  many,  and  oxen  and  sheep  innumer- 
We  also  read  in  the  Saxon  Chronicle,  for  the  year  1099, 
s  year  eke  on  St.  Martin's  moss  day,  the  11th  of  Novembre, 
g  up  so  much  of  the  sea  flood,  and  so  myckle  harm  did,  as  no 
ninded  that  it  ever  afore  did,  and  there  was  the  ylk  day  a  new 

ith  of  the  Bill,  or  southern  point  of  Portland,  is  a  remarkable 
in  the  channel  at  the  depth  of  seven  fathoms,  called  "  the  Sham- 
ccmsisting  entirely  of  rolled  and  broken  shells  of  Purpura  lapillus, 
us  ednlis,  and  other  species  now  living.  This  mass  of  light  mate- 
is  always  in  motion,  varying  in  height  from  day  to  day,  and  yet 
loal  remains  constant. 

TtetshiTe  —  Detonshirt.  —  At  Lyme  Regis,  in  Dorsetshire,  the 
irch  Cliffs,"  as  they  nre  called,  consisting  of  lias  about  one  hun- 
feet  in  height,  gradually  fell  away  at  the  rate  of  one  yard  a  year, 
1800  to  1829.t 
extraordinary  landslip  occurred  on  the  24th  of  December, 
on  the  coast  between  Lyme  Regis  and  Axmouth,  which  has 
described  by  the  Rev.  W.  D.  Conybeare,  to  whose  kindness  I 
idebtcd  for  the   accompanying  section,  fig.  36.     The  tract  of 
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J  there  along  the  coast  is  capped  by  dialk  (i). 
which  reels  on  eaodstODe,  alternating  with  chert  (i),  b«niailh  wUieli 
la  more  than  100  feet  of  loose  sand  (A),  with  eonerelinna  at  tlM 
bottom,  and  belonging,  like  i,  to  the  green-aand  formutiim-,  lli> 
whole  of  the  above  masaes,  h,  i,  k,  reposing  on  retentive  bcil*  iif  dif 
(/),  belonging  to  the  lias,  whioh  shelves  towards  the  sea.  Nnnw.-wi 
i^inga  iasuing  from  the  loose  aand  (i)  have  gradiuiUjr  remnttJ 
portioua  of  it,  and  thus  ondenmaed  the  superstratum,  so  u  la  Ion 
caused  subsidences  at  tbrraer  times,  and  to  have  prodac«d  a  liiw  <■' 
nndercUS'  between  D  and  E.  In  1839  an  excessively  wisl  soMa 
had  saturated  all  the  rocks  with  moisture,  so  as  to  iiii  ri<w  Iks 
weight  of  the  incumbent  mass,  from  which  the  support  had  ainlij 
been  withdrawn  by  the  actioD  of  springs.  Thu«  thv  bupentnU 
were  precipitated  into  hollows  prepared  for  them,  Bud  ttiu  aJjaoal 
masses  of  partially  nodermiued  rock,  tv  which  the  motciDont  W 
eommunicated,  were  made  to  slide  down  ou  a  slippery  bosti  U 
watery  sand  towards  the  sea.  These  causes  gave  riiie  to  aoouvaUou, 
which  began  on  the  morning  of  the  2-^h  of  December,  nitli  * 
erashing  noise  i  and,  on  the  evening  of  the  same  day,  llNiur«i  mn 
wen  opening  in  the  ground,  and  the  walk  of  tenements  reudJng  *id 
■inking,  until  a  deep  chasui  or  ravine,  B,  was  formed  exieailin;: 
nearly  three  quarters  of  u  mile  iu  k-ugtii,  with  a  depth  uf  from  100 
lo  150  feel,  and  a  breadth  exceeding  240  feet.  At  the  bottom  tC 
this  deep  gulf  lie  fragments  of  the  original  surfsce  ifarown  logttha 
in  the  wildest  confusion.  In  cun sequence  uf  luteral  movement^  A* 
tract  intervening  between  the  new  fissure  and  llie  sea,  including  tfai 
ancieut  undercliff,  was  fractured,  and  the  whole  line  of  aea-elif 
carried  bodily  forwards  i'ur  many  yards.  "  A  remarkable  pyranidll 
crag,  F,  uff  CuWerhole  Point,  whicli  lately  tbnned  a  distinguisbiiK 
landmark,  has  sunk  from  a  height  of  ahuut  seventy  to  twenty  M, 
and  the  muiu  clitT,  E,  before  more  than  lilty  feet  di^liuit  from  ilsf 
insulated  crug,  i^  now  brought  almuat  close  to  it.  This  u'lOtioa  <i 
the  st-B-clilf  has  produced  a  farther  uSaiit,  which  may  runk  amuog  ik 
most  striking  phenomena  of  this  cutuslruphe.  'Ihe  lateral  prearii* 
of  the  descending  rucks  has  urged  the  neiglihouring  strata,  exten£4 
beneath  the  ^hingle  of  the  shore,  by  their  slate  of  unnalural  «*■ 
densatlon,  to  burbt  upwards  in  a  line  psrallel  to  the  coast— thai  (■ 
elevated  ridge,  G,  more  than  a  mile  iu  length,  and  rising  more  tbia 
forty  feet,  covered  by  a  confused  asseinbluge  of  broken  strata,  ta' 
immense  blocks  of  rock,  invested  with  sea-weed  and  oMalliiMi,  H^ 
scattered  over  with  shells  and  starfish,  and  other  productioas  ^ 
the  deep,  forms  uu  eiiteuded  reef  iu  fi-ont  uf  tho  present  rai^  ^ 
cUfis."- 

A  full  account  of  this  remarkable  landslip,  with  a  plan,  aaelH*'^ 
aod  many  fine  illustra^ve  drawings,  was  pubUslied  by  Um*^ 
Conybeare  and  Buckland  *,  from  one  of  which  the  annexed  cat  f 
been  reduced,  fig.  37. 

f  LunduD,  J.  ilamj,  IS4D. 
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all. — Near  Penzance,  in  Cornwall,  there  ia  a  projecting 
'  land,  called  the  "Green,"  formed  of  granitic  sand,  from 
>re  than  tliirty  acrea  of  pasture  land  have  been  gradually 
ay,  in  the  course  of  the  last  two  or  three  centuries.  J  It  is 
that  St.  Michael's  Mount,  now  an  insular  rock,  was  formerly 
.n  a  wood,  several  miles  from  the  sea  ;  and  its  old  Cornish 
!araclowse  in  Cowse)  signilies,  according  to  Carew,  the 
xk  in  the  wood.t  Between  the  Mount  and  Newlyn  there 
oder  the  sand,  black  vegetable  mould,  full  of  hazel  nuls,  and 
:hea,  leaves,  roots,  and  trunkn  of  forest  trees,  all  of  indigenous 
This  stratum  has  been  traced  seaward  as  far  as  the  ebb 
and  many  proofs  of  a  submerged  vegetable  accumulation, 
nps  of  trees  in  the  position  in  which  they  grew,  have  been 
ays  Sir  Henry  De  la  Beche,  round  the  shores  of  Devon, 
■,  and  Western  Somerset.  The  facts  not  only  indicate  a 
1  the  relative  level  of  the  sea  and  land,  since  the  species  of 
md  plants  were  the  same  as  those  now  living  in  this  district ; 
it  is  very  remarkable,  there  seems  evidence  of  the  sub- 
i  having  been  efiected,  in  part  at  least,  since  the  country 
bited  by  man 4 

imarine  forest  occurring  at  the  mouth  of  the  Parret  in 
ahire,  on  the  south  side  of  the  Bristol  Channel,  was  described 
h  Homer,  in  1815,  and  its  positioD  attributed  to  subsidence. 
'  peat  is  there  seen  below  the  level  of  the  sea,  and  the  trunks 
trees,  such  as  the  oak  and  yew,  having  their  roots  still 
g  as  they  grew,  and  fixed  in  blue  ciay.§ 

1,  Trans.  BojaJ  Geol.  Soc.  of        )  De  la  Bcchc's  Report  on  the  Geology 

voL  ii.  p.  129.  of  Devon,  &c.  chap.  xiiL 

!,ibid.  vol  ii.  p.  135.  §  GeoL  Tniat.  lslnries,voLiiip.383. 
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TradUkm  cf  h$$  i^  land  in  CamtPoB.— The  oldest  hbtncMM 
mention  a  tradition  in  Cornwall^  of  the  Bubmerrion  of  the  lionnwn 
a  eoontry  aeid  to  have  stretched  from  the  Land's  End  to  the  Scijr 
libuids.  The  traot^  if  it  existed,  most  have  been  thirty  niks  ift 
length,  and  perhaps  ten  in  breadth.  The  land  now  reaudniiig  m 
either  side  is  from  two  hundred  to  three  hundred  feet  hi|^;  tki 
intorrening  sea  aboat  three  hundred  feet  deep.  AUhoa^  there  ii 
no  antbentic  eridence  finr  this  romantic  tale^  it  probaUj  originiirf 
ia  some  former  inroads  of  the  Atlantic^  aocompan7iq|^  P^k^K  ^' 
siihsidenoe  of  land  on  this  coast  * 

fFmi  cmut  af  EnfflamJL — Having  now  brooght  together  as  asqii 
bodyof  proofrofthadestmetiTeoperatimisof  the  waves^  tids^iai 
eoRealp^  oa  our  eastern  and  sonthem  shores^  it  will  be  umMSMMf 
to  eater  into  details  of  dianges  on  the  western  ooas^ftr  theypnifll 
merelj  a  repetition  of  tiie  same  phenomena,  and  in  general  en  M 
inferior  scale.  Qnthebordersof  theestoaryof  the  SeTerattei* 
of  Somersetshire  and  Glonoestershire  ha?e  receiyed  enermsMM* 
cesdoos,  while,  en  the  other  hand,  the  coast  of  GhesUie^  betesw, 
the  rivers  Mersey  and  Dee^  has  lost,  since  the  year  1764^ 
hundred  jards^  and  some  afirm  more  than  half  a  mile,  bjthe 
of  the  sea  upon  the  abrupt  diflfs  of  red  day  and  marlss  Within  Ai 
period  above  mentioned  several  lighthouses  have  been  sucoesfifdif 
abandoned.'!'  There  are  traditions  in  Pembrokeshire  %  and  Cardigift' 
shire  §  of  far  greater  losses  of  territory  than  that  which  the  lioiH 
nesse  tale  of  Cornwall  pretends  to  commemorate.  They  are  al 
important,  as  demonstrating  that  the  earliest  inhabitants  were  familiir 
with  the  phenomenon  of  incursions  of  the  sea. 

Loss  of  land  on  the  coast  oj  France, — The  French  coast,  ptf" 
ticukrly  that  of  Brittany,  where  the  tides  rise  to  an  extraordiniiy 
height,  is  the  constant  prey  of  the  waves.  In  the  ninth  century  miBy 
villages  and  woods  are  reported  to  have  been  carried  away,  the  cotit 
undergoing  great  change,  whereby  the  hill  of  St.  Michael  was  de" 
tached  from  the  mainland.  The  parish  of  Bourgneuf,  and  sefCfd 
others  in  that  neighbourhood,  were  overflowed  in  the  year  1^ 
In  1735,  during  a  great  storm,  the  ruins  of  Palnel  were  seen  ss* 
covered  in  the  sea.  || 

♦  Boaac,  toL  il  p.  180.  Ray,  "On  the  Ddoge,**  Phji.  Us* 

t  Stereiuon,  Jameson's  £<L  New  FhiL  p.  228. 

Joum.  No.  8.  p.  386.  §  Mejrick*s  Cardigan. 

I  Camden,  who  cites  Oyraldas  ;  also  jj  VonHo£r,Getcliichte,&CToLiF^ 
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CHAPTER  XX. 

ACTION  OF  TIDES  AND  CURRENTS — Continued, 

he  sea  at  the  months  of  the  Rhine  in  Holland — Changes  in  the  arms 
Jiine — Proofs  of  subsidence  of  land  —  Estuary  of  the  Bies  Bosch, 
1  1421  —  Zuyder  Zee,  in  the  13th  century  —  Islands  destroyed  — 
the  Ems  converted  into  a  bay— Estuary  of  the  Dollart  formed — En- 
Qt  of  the  sea  on  the  coast  of  Sleswick —  On  shores  of  North  America — 
re,  called  the  Bore — Influence  of  tides  and  currents  on  the  mean  level 
Action  of  currents  in  inland  lakes  and  seas — Baltic — Cimbrian  deluge 
of  Gibraltar — No  under-current  there — Whether  salt  is  precipitated 
diterranean — Waste  of  shores  of  Mediterranean. 

fthe  sea  at  the  mouths  of  the  Rhine, — The  line  of  British 
[dered  in  the  preceding  chapter  offered  no  example  of  the 
two  great  antagonist  forces ;  the  influx,  on  the  one  hand, 
draining  a  large  continent,  and,  on  the  other,  the  action 
^es,  tides,  and  tiurrents,  of  the  ocean.  But  when  we  pass 
e  Straits  of  Dover  to  the  Continent,  and  proceed  north- 
we  find  an  admirable  illustration  of  such  a  contest,  where 
and  the  Rhine  are  opposed  to  each  other,  each  disputing 
I  now  occupied  by  Holland ;  the  one  striving  to  shape  out 
,  the  other  to  form  a  delta.     There  was  evidently  a  period 

river  obtained  the  ascendancy,  when  the  shape  and 
le  relative  level  of  the  coast  and  set  of  the  tides  were 
'ent;  but  for  the  last  two  thousand  years,  during  which 
itnessed  and  actively  participated  in  the  struggle,  the  result 
in  favour  of  the  ocean ;  the  area  of  the  whole  territory 
ome  more  and  more  circumscribed ;  natural  and  artificial 
aving  given  way,  one  after  another;  and  many  hundred 
uman  beings  having  perished  in  the  waves. 

in  the  arms  of  the  Rhine,  —  The  Rhine,  after  flowing 
Prison  Alps,  copiously  charged  with  sediment,  first  purifies 
e  Lake  of  Constance,  where  a  large  delta  is  formed ;  then 

the  Aar  and  numerous  other  tributaries,  it  flows  for  more 
lundred  miles  towards  the  north  ;  when,  entering  a  low 
vides  into  two  arms,  about  ten  miles  north-east  of  Cleves, 
which  must  therefore  be  considered  the  head  of  its  delta. 
►,  fig.  38.)  In  speaking  of  the  delta,  I  do  not  mean  to  assume 
it  part  of  Holland  which  is  comprised  within  the  several 
5  Rhine  can  be  called  a  delta  in  the  strictest  sense  of  the 
luse  some  portion  of  the  country  thus  circumscribed,  as, 
le,  a  part  of  Gelderland  and  Utrecht,  consists  of  strata 
•  have  been  deposited  in  the  sea  before  the  Rhine  existed. 
ir  tracts  may  either  have  been  raised  like  the  Ullah  Bund 
during  the  period  when  the  sediment  of  the  Rhine  was 

Y  3 


convening  a  part  of  the  ecu  into  haii,  or  the;  may  have  cotuUinte' 
islands  [ircviously. 

When  the  river  dividea  north  of  Cleves,  the  left  arm  ui«  1^ 
Dame  of  the  Waul ;  and  the  right,  retaining  that  of  the  Rhine,  b  «*" 
nected,  a  litttc  farther  to  tlie  nortii,  b^  an  artificial  eana!  with  1^ 
river  Yssel.  The  Rhine  then  flowing  westward  divides  again  MOt^ 
east  of  Utrecht,  and  from  this  point  it  takes  the  name  of  the  L(» 
u  name  which  was  given  to  distinguish  it  from  the  northern  f* 
called  tlie  Old  Rhine,  which  was  sanded  up  until  after  the-j^iT  1^ 
when  a  channel  was  cut  for  it,  hy  which  it  now  entcre  tbcK**' 
Cstwjck.  It  is  common,  in  all  great  deltas,  that  the  prioeip 
channels  of  discharge  should  shift  from  time  to  time,  but  id  HoDtf' 
so  manj  magnificent  canals  have  been  constructed,  and  htn  ** 
diverted,  from  time  to  time,  the  course  of  the  watery  thit  ^ 
geographical  changes  in  this  delta  ore  endless,  and  their  histoiXi  ■■* 
the  Roman  era,  forms  a  complicated  topic  of  antiquarian  luMW* 
The  present  head  of  the  delta  is  about  forty  geographical  mibifi^ 
the  nearest  part  of  the  gulf  called  the  Zujder  Zee,  and  nan  ^ 
twice  that  distance  from  the  general  coast  line.  The  preaent  hai* 
the  delta  of  the  Kile  is  about  80  or  90  geographical  miloa  trm  tl* 
sea ;  that  of  the  Ganges,  as  before  sUted,  220 ;  and  that  «f  A* 
Mississippi  about  180,  reckoning  from  the  point  where  the  AtchdUQ* 
branches  off  to  the  extremity  of  the  new  tongue  of  luid  in  tha  G# 
of  Mexico.    But  the  comparative  distance  between  the  hwb  * 

tae  end  the  sea  affords  no  positive  data  for  eetimating  tbe  ichi' 
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nagnitude  of  the  alluvial  tracts  formed  bj  their  respective  rivers, 
or  the  ramifications  depend  on  many  varying  and  temporary  cir- 
samstances,  and  the  area  over  which  they  extend  does  not  hold  any 
ionstant  proportion  to  the  volume  of  water  in  the  river. 

The  Rhine  therefore  has  at  present  three  mouths.  About  two 
birds  of  its  waters  flow  to  the  sea  by  the  Waal,  and  the  remainder 
s  carried  partly  to  the  Zuyder  Zee  by  the  Yssel,  and  partly  to  the 
»cean  by  the  Leek.  As  the  whole  coast  to  the  south  as  far  as  Ostend, 
Lnd  on  the  north  to  the  entrance  of  the  Baltic,  has,  with  few  ex- 
«ptions,  from  time  immemorial,  yielded  to  the  force  of  the  waves,  it 
5  evident  that  the  common  delta  of  the  Khine,  Meuse,  and  Scheldt, 
or  these  three  rivers  may  all  be  considered  as  discharging  their 
vaters  into  the  same  part  of  the  sea,  would,  if  its  advance  had  not 
>een  checked,  have  become  extremely  prominent ;  and  even  if  it  had 
'emained  stationary,  would  long  ere  this  have  projected  far  beyond 
:he  rounded  outline  of  the  coast,  like  that  strip  of  land  already 
lescribed  at  the  mouth  of  the  Mississippi.  But  we  find,  on  the 
(contrary,  that  the  islands  which  skirt  the  coast  have  not  only  lessened 
in  size,  but  in  number  also,  while  great  bays  have  been  formed  in  the 
interior  by  incursions  of  the  sea. 

In  order  to  explain  the  incessant  advance  of  the  ocean  on  the  shores 

and  inland  country  of  Holland,  M.  E.  de  Beaumont  has  suggested  that 

there  has  in  all  probability  been  a  general  depression  or  sinking  of  the 

land  below  its  former  level  over  a  wide  area.     Such  a  change  of  level 

^onld  enable  the  sea  to  break  through  the  ancient  line  of  sand-banks 

•nd  islands  which  protected  the  coast, — would  lead  to  the  enlargement 

of  bays,  the  formation  of  new  estuaries,  and  ultimately  to  the  entire 

submergence  of   land.     These  views  appear  to  be   supported  by 

^c  fact  that  several  peat-mosses  of  fresh-water  origin  now  occur 

^der  the  level  of  the  sea,  especially  on  the  site  of  the  Zuyder  Zee  and 

^e  Flevo,  presently  to  be  mentioned.     Several  excavations  also 

^de  for  wells  at  Utrecht,  Amsterdam,  and  Rotterdam  have  proved, 

^t  below  the  level  of  the  ocean,  the  soil  near  the  coast  consists  of 

^ternations  of  sand  with  marine  shells,  and  beds  of  peat  and  clay, 

which  have  been  traced  to  the  depth  of  fifty  feet  and  upwards.* 

I  have  said  that  the  coast  to  the  south  as  far  as  Ostend  has 
Riven  way.  Thb  statement  may  at  first  seem  opposed  to  the  fact, 
^t  the  tract  between  Antwerp  and  Nieuport,  shaded  black  in  the 
•Juiexed  map  (fig.  38.))  although  now  dry  land,  and  supporting  a  large 
Pop^tion,  has,  within  the  historical  period,  been  covered  with 
^e  sea.  This  region,  however,  consisted,  in  the  time  of  the  Romans, 
^  Woods,  marshes,  and  peat-mosses,  protected  from  the  ocean  by  a 
^^ain  of  sandy  dunes,  which  were  afterwards  broken  through  during 
ttonng,  especially  in  the  fifth  century.  The  waters  of  the  sea  during 
^"€86  irruptions  threw  down  upon  the  barren  peat  a  horizontal  bed 
^  fertile  clay,  which  is  in  some  places  three  yards  thick,  full  of 
'^nt  shells  and  works  of  art.  The  inhabitants,  by  the  aid  of 
^bankments  and  the  sand  dunes  of  the  coast,   have  succeeded 

*  £.  de  Beaamont,  Geologic  Fratiqae,  vol  i.  p.  316.  and  ibid.  p.  260. 
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8S8  FOBiuTioir  <nr  the  zutiibb  zbk. 

■Mmoi^  not  vithoiit  fivqnent  diMBter^ 
niaed  >f  tho  marine  dcfxinL* 

jMToadi  rf  fil«  Sta  m  BoOand,  — If  we  paas  to  the  nortbwvl  «l 
the  territoi7 jtut  illnded  to,  and  crou  the  Scheldt,  we  fititl  that  beiwHo 
the  fourteenth  and  eighteenth  centmiea  parts  of  the  lelnnds  Waldr- 
ren  and  Beveland  were  swept  swa^,  and  Bevenl  popnlous  districts  d 
Eadiand,  losses  which  far  more  than  counterbalance  tlie  gain  of  Uni 
cuited  hj  the  sanding  np  of  some  pre-exisdog  creeks.  In  IijSSifae 
island  Orissnt  was  annihiUted.  Chie  of  the  most  memorable  inrowii 
of  theseaooc[irrediDl42I,  when  the  tide,  pouring  into  iho  mouUinr 
the  united  Mense  and  Waal,  burst  through  a  dam  in  Uie  difUici 
between  Dort  and  Oertrad«ibe^,  and  overflowed  sevcntj'-tiro  til- 
lages, forming  a  large  sheet  of  water  called  the  ^ies  Boech.  (See 
map,  fig.  38.)  Thirty-five  of  the  riUsges  were  irretrievablj  lost,  ttd 
no  vestige,  even  of  their  ruins,  was  afterwards  seen.  The  rest  mn 
redsemod,  and  .the  rite  of  the  others,  though  still  very  geuenllj 
represented  on  maps  as  an  estoarj,  has  in  fact  been  f>raduiiLl]j  EUtd 
up  bj  alluvial  deposits,  and  had  become  in  183^  as  1  was  bforotJ 
by  I^fessor  HoU,  an  immense  phun,  yielding  abundant  crops  of  h^i 
though  still  uninhabited.  To  the  north  of  die  Ueuae  is  a  loDg  liss 
of  shore  covered  with  sand  dunes,  where  great  encroachments  hsn 
taken  place  from  time  to  time,  in  consequence  cbi«lly  of  the  pK- 
valence  of  south-easterly  winds,  wliich  blow  down  the  sands  tovuih 
the  sea.  The  church  of  Scbeveningen,  not  far  from  the  Hague,  m 
once  in  the  middle  of  the  village,  and  now  stands  on  the  shore,  lilf 
the  place  having  been  overwhelmed  by  the  waves  in  1G70.  Catwjr^ 
once  far  from  the  sea,  is  now  upon  the  shore ;  two  of  its  itrMli 
having  been  overflowed,  and  land  torn  away  to  the  extent  of  9W 
yards  in  1719.  It  is  only  by  aid  of  embankments  that  PetM 
and  several  other  places  farther  north,  have  been  defended  agiim' 
the  sea. 

Formation  of  the  Zuyder  Zee  and  Straits  of  Stttpfrtn.~S^ 
more  imporltvnt  are  the  changes  which  have  taken  place  on  the  oca*' 
opposite  the  right  arm  of  the  Rhine,  or  the  Yssel,  where  the  ooss 
has  bnrst  through  a  large  isthmus,  and  entered  the  inland  lake  Flen^ 
which,  in  ancient  times,  was,  according  to  Pomponiua  Uela,  fonx^ 
by  the  overflowing  of  the  Rhine  over  certain  lowlands.  It  afpcsn 
that,  in  the  time  of  Tacitua,  there  were  several  lakes  on  the  preicDl 
site  of  the  Zuyder  Zee,  between  Friesland  and  Holland.  TIm  M^ 
cessive  inroads  by  which  these,  and  a  great  part  of  the  a^^iD^'V 
territory,  were  transformed  into  a  great  gulf,  began  about  the  eg*- 
mencement,  and  were  completed  towards  the  close,  of  the  thiitscM^ 
century.  Ailing  gives  the  following  relation  of  the  occamac^ 
drawn  from  manuscript  documents  of  contemporary  inhabitants  <■ 
the  neighbouring  provinces.  In  the  year  120.5,  the  island  now  calk' 
Wicringen,  to  the  south  of  the  Texel,  was  still  a  part  of  the  DSif 
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indy  but  during  several  high  floods,  of  which  the  dates  are  given, 
nding  in  December,  1251,  it  was  separated  from  the  continent.  By 
absequent  incursions,  the  sea  consumed  great  parts  of  the  rich  and 
opulous  isthmus,  a  low  tract  which  stretched  on  the  north  of  Lake 
levo,  between  Staveren  in  Friesland  and  Medemblick  in  Holland, 
ill  at  length  a  breach  was  completed  about  the  year  1282,  and  after- 
rards  widened.  Great  destruction  of  land  took  place  when  the  sea 
rst  broke  in,  And  many  towns  were  swept  away;  but  there  was 
fterwards  a  reaction  to  a  certain  extent,  large  tracts,  at  first  sub- 
lerged,  having  been  gradually  redeemed.  The  new  straits  south  of 
Itaveren  are  more  than  half  the  width  of  those  of  Dover,  but  are  very 
hallow,  the  greatest  depth  not  exceeding  two  or  three  fathoms.  The 
ew  bay  is  of  a  somewhat  circular  form,  and  between  thirty  und  forty 
liles  in  diameter.  How  much  of  this  space  may  formerly  have  been 
ccnpied  by  Lake  Flevo  is  unknown.     (See  map,  fig.  38.) 

Destruction  of  islands,  —  A  series  of  islands  stretching  from  the 
?exel  to  the  mouths  of  the  Weser  and  Elbe  ^  are  probably  the  last 
elics  of  a  tract  once  continuous.  They  have  greatly  diminished  in 
ize,  and  have  lost  about  a  third  of  their  number,  since  the  time  of 
^liny ;  for  that  naturalist  counted  twenty-three  islands  between  the 
Texel  and  Eider,  whereas  there  are  now  only  sixteen,  including 
leligoland  and  Neuwerk.*  The  island  of  Heligoland,  at  the  mouth 
f  the  Elbe,  consists  of  a  rock  of  red  marl  of  the  keuper  formation 
of  the  Germans),  and  is  bounded  by  perpendicular  red  cliffs,  above 
!00  feet  high.  Although,  according  to  some  accounts,  it  has  been 
greatly  reduced  in  size  since  the  year  800,  M.  Wiebel  assures  us, 
hat  the  ancient  map  by  Meyer  cannot  be  depended  upon,  and  that 
he  island,  according  to  the  description  still  extant  by  Adam  of 
Bremen,  was  not  much  larger  than  now,  in  the  time  of  Charlemagne. 
)n  comparing  the  map  made  in  the  year  1793  by  the  Danish 
ngineer  Weasel,  the  average  encroachment  of  the  sea  on  the  cliffs, 
between  that  period  and  the  year  1848  (or  about  half  a  century),  did 
lot  amount  to  more  than  three  feet,  f  On  the  other  hand,  some  few 
stands  have  extended  their  bounds  in  one  direction,  or  become  con- 
lected  with  others,  by  the  sanding-up  of  channels ;  but  even  these, 
ike  Juist,  have  generally  given  way  as  much  on  the  north  towards 
he  sea  as  they  have  gained  on  the  south,  or  land  side. 

The  Dollart  formed. — While  the  delta  of  the  Khine  has  suffered 
io  materially  from  the  movements  of  the  ocean,  it  can  hardly  be  sup- 
K>sed  that  minor  rivers  on  the  same  coast  should  have  been  per- 
oitted  to  extend  their  deltas.  It  appears  that  in  the  time  of  the 
iomans  there  was  an  alluvial  plain  of  great  fertility,  where  the  Ems 
mtered  the  sea  by  three  arms.  This  low  country  stretched  between 
jrroningen  and  Friesland,  and  sent  out  a  peninsula  to  the  north-east 
owards  Emden.  A  flood  in  1277  first  destroyed  part  of  the  penin- 
lula.     Other  inundations  followed  at  different  periods  throughout  the 


•  Von  Hoff,  vol.  I  p.  364. 

t  Quart.  Journ.  Gcol.  Soc.  vol.  iv.  p.  32. ;  Memoirs. 
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fifteenth  century.  In  1607,  a  part  only  of  Torum,  a  considerable 
town,  remained  standing ;  and  in  spite  of  the  erection  of  dams,  the 
remainder  of  that  place,  together  with  market-towns,  villages,  and 
monasteries,  to  the  number  of  fifty,  were  finally  overwhelmed.  The 
new  gulf,  which  was  called  the  Dollart,  although  small  in  compariaon 
to  the  Zuyder  Zee,  occupied  no  less  than  six  square  miles  at  first; 
but  part  of  this  space  was,  in  the  course  of  the  two  following  cen- 
turies, again  redeemed  from  the  sea.  The  small  bay  of  Leybucht, 
farther  north,  was  formed  in  a  similar  manner  in  the  thirteenth  cen- 
tury ;  and  the  bay  of  Harlbucht  in  the  middle  of  the  sixteenth.  Both 
of  these  have  since  been  partially  reconverted  into  dry  land.  Another 
new  estuary,  called  the  Gulf  of  Jahde,  near  the  mouth  of  the  Wcser, 
scarcely  inferior  in  size  to  the  Dollart,  has  been  gradually  hollowed 
out  since  the  year  1016,  between  which  era  and  1651  a  space  of 
about  four  square  miles  has  been  added  to  the  sea.  The  rivulet 
which  now  enters  this  inlet  is  very  small ;  but  Arens  conjectures  that 
an  arm  of  the  Weser  had  once  an  outlet  in  that  direction. 

Qxist  of  SleswicJu — Farther  north  we]  find  so  many  records  of 
waste  on  the  western  coast  of  Sleswick,  as  to  lead  us  to  anticipate 
that,  at  no  distant  period  in  the  history  of  the  physical  geography  of 
Europe,  Jutland  may  become  an  island,  and  the  ocean  may  obtain  a 
more  direct  entrance  into  the  Baltic.  Indeed,  the  temporary  insu- 
lation of  the  nortliern  extremity  of  Jutland  lias  been  et!ected  no  less 
than  four  times  within  the  records  of  history,  the  ocean  having  a? 
often  made  a  breach  tlirougli  the  bar  of  sand,  which  usually  excludes 
it  from  the  Lyni  Fiord.  Tiiis  lonj^  frith  is  120  miles  in  lenjrtli  in- 
cluding its  windings,  and  comnuinieates  at  its  eastern  end  with  the 
Baltic.  The  last  irruption  of  salt  water  happened  in  1824,  ami  the 
fiord  was  still  open  in  1837,  when  some  vessels  of  thirty  tons'  burden 
passed  through. 

The  ]\Iarsh  islands  between  the  rivers  Elbe  and  Eider  are  mere 
banks,  like  the  lands  formed  of  the  "warp"  in  the  I  lumber,  protected 
by  dikes.  Some  of  them,  after  having  been  inhabited  with  security 
for  more  than  ten  centuries,  have  been  suddenly  overwhelmed.  In 
this  manner,  in  1216,  no  less  than  ten  thousand  of  the  inhabitants 
of  Eiderstede  and  Ditniarsch  perished  ;  and  on  the  11th  of  Oct(>l»er, 
1634,  the  islands  and  the  whole  coast,  as  far  as  »Jutland,  sufTereJ  by 
a  dreadful  delunfe. 

Destruction  of  Xorthstrajul  bt/  the  sea.  —  Northstrand,  up  to  the 
year  1240,  was,  with  the  islands  Sylt  and  Fiihr,  so  nearly  c«mnected 
with  the  mainland  as  to  api)ear  a  peninsula,  and  was  oallt-d  Nuril' 
Friesland,  a  highly  cultivated  and  populous  district.  It  measured  from 
nine  to  eleven  geographical  miles  from  north  to  south,  and  mx  to 
eight  from  east  to  wi'St.  In  the  above-mentioned  year  it  was  torn 
asunder  from  the  continent,  and  in  part  overwhelmed.  The  W*^ 
of  Northstrand,  thus  formed,  was,  towards  the  end  of  the  sixteenth 
century,  only  four  geographical  miles  in  eircumforenoe,  and  was 
still  celebrated  for  its  cultivation  and  numerous  population.  Alter 
many  losses,  it  still  contained  nine  thousand  inhabitants.     At  la»t, 
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n  the  year  1634,  on  the  evening  of  the  11th  of  October,  a  flood 
>assed  over  the  whole  island,  whereby  1300  houses,  with  many 
churches, ,  were  lost ;  fifty  thousand  head  of  cattle  perished,  and 
kbove  six  thousand  men.  Three  small  islets,  one  of  them  still  called 
^I^orthstrand,  alone  remained,  which  are  now  continually  wasting. 

The  redundancy  of  river  water  in  the  Baltic,  especially  during 
;he  melting  of  ice  and  snow  in  spring,  causes  in  general  an  outward 
mrrent  through  the  channel  called  the  Cattegat.  But  after  a 
»>ntinuance  of  north-westerly  gales,  especially  during  the  height 
>f  the  spring-tides,  the  Atlantic  rises,  and  pouring  a  flood  of 
¥ater  into  the  Baltic,  commits  dreadful  devastations  on  the  isles 
>f  the  Danish  Archipelago.  This  current  even  acts,  though  with 
iiminished  force,  as  far  eastward  as  the  vicinity  of  Dantzic*  Ac- 
»unts  written  during  the  last  ten  centuries  attest  the  wearing  down 
>f  promontories  on  the  Danish  coast,*  the  deepening  of  gulfs,  the 
(evering  of  peninsulas  from  the  mainland,  and  the  waste  of  islands, 
vhile  in  several  cases  marsh  land,  defended  for  centuries  by  dikes, 
las  at  last  been  overflowed,  and  thousands  of  the  inhabitants  whelmed 
n  the  waves.  Thus  the  island  Barsoe^  on  the  coast  of  Sleswick,  has 
ost,  year  after  year,  an  acre  at  a  time,  and  the  island  Alsen  sufl*er8 
n  like  manner. 

Cimbrian  deluge. — As  we  have  already  seen  that  during  the  flood 
>efore  mentioned,  6000  men  and  50,000  head  of  cattle  perished  on 
N^orthstrand  on  the  western  coast  of  Jutland,  we  are  well  prepared 
;o  find  that  this  peninsula,  the  Cimbrica  Chersonesus  of  the  ancients, 
las  from  a  remote  period  been  the  theatre  of  like  catastrophes. 
Axcordingly,  Strabo  records  a  story,  although  he  treats  it  as  an 
incredible  fiction,  that,  during  a  high  tide,  the  ocean  rose  upon  this 
:oast  so  rapidly,  that  men  on  horseback  were  scarcely  able  to  escape,  f 
Plorus,  alluding  to  the  same  tradition,  says,  '^  Cimbri,  Teutoni, 
itque  Tigurini^  ab  extremis  GallisB  profugi,  cum  terras  eorum  in- 
undasset  Oceanus,  novas  sedes  toto  orbe  quaerebant.'*^  This  event, 
commonly  called  the  '*  Cimbrian  Deluge,"  is  supposed  to  have  happened 
ibout  three  centuries  before  the  Christian  era;  but  it  is  not  improbable 
that  the  principal  catastrophe  was  preceded  and  followed  by  many 
devastations  like  those  experienced  in  modern  times  on  the  islands 
and  shores  of  Jutland,  and  such  calamities  may  well  be  conceived  to 
have  forced  on  the  migration  of  some  maritime  tribes. 

Inroads  of  the  sea  on  the  eastern  shores  of  North  America, — After 
BO  many  authentic  details  respecting  the  destruction  of  the  coast  in 
parts  of  Europe  best  known,  it  will  be  unnecessary  to  multiply 
examples  of  analogous  changes  in  more  distant  regions  of  the  world, 
[t  must  not,  however,  be  imagined  that  our  own  seas  form  any 
exception  to  the  general  rule.  Thus,  for  example,  if  we  pass  over  to 
the  eastern  coast  of  North  America,  where  the  tides  rise,  in  the  Bay  of 
Fundy,  to  a  great  elevation,  we  find  many  facts  attesting  the  inces- 

♦  See  examples  in  Von  Hoff,  yoL  i        f  Book  vii.  Cimbri. 
h  73.,  who  citea  Pisansky.  {  Lib.  iii.  cap.  3. 
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sant  demolition  of  land.  Cliffs,  often  several  hundred  feet  higb, 
composed  of  sandstone,  red  marl,  and  other  rocks,  which  border  that 
bay  and  its  numerous  estuaries,  are  perpetually  undermined.  The  miu 
of  these  cliffs  are  gradually  carried,  in  the  form  of  mud,  sand,  and 
large  boulders,  into  the  Atlantic  by  powerful  currents,  aided  at  ce^ 
tain  seasons  by  drift  ice,  which  forms  along  the  coast,  and  freeses 
round  large  stones. 

At  Cape  May,  on  the  north  side  of  Delaware  Bay,  in  the  United 
States,  the  encroachment  of  the  sea  was  shown  by  observations  mtde 
consecutively  for  sixteen  years,  from  1804  to  1820,  to  average  abont 
nine  feet  a  year  * ;  and  at  Sullivan's  Island,  which  lies  on  the  north 
side  of  the  entrance  of  the  harbour  of  Charlestown,  in  South  Carolioi, 
the  sea  carried  away  a  quarter  of  a  mile  of  land  in  three  years,  endiog 
in  1786.  t 

Tidal  wave  called  "  the  BoreV  —  Before  concluding  my  remaib 
on  the  action  of  the  tides,  I  must  not  omit  to  mention  the  ware 
called  "  the  Bore,"  which  is  sometimes  produced  in  a  river  where  s 
large  body  of  water  is  made  to  rise  suddenly,  in  consequence  of  the 
contraction  of  the  channel.  This  wave  terminates  abruptly  on  the 
inland  side;  because  the  quantity  of  water  contained  in  it  is  so  grett, 
and  its  motion  so  rapid,  that  time  is  not  allowed  for  the  surface  of 
tlie  river  to  be  immediately  raised  by  means  of  transmitted  pressure. 
A  tide  wave  thus  rendered  abrupt  has  a  close  analogy,  observes 
Mr.  Whewell,  to  the  waves  which  curl  over  and  break  on  a  shelving 
si  lore.  J 

The  Bore  which  enters  the  Severn,  where  the  phenomenon  is  of 
almost  daily  occurrence,  is  sometimes  nine  feet  high,  and  at  spring- 
tides rushes  up  the  estuary  with  extraordinary  rapidity.     The  finest 
example  which  I  have  seen  of  this  wave  was  in  Nova  Scotia§,  when? 
the  tide  is  said  to  rise  in  some  places  seventy  feet  perpendicular,  and 
to  be  the  highest  in  the  world.     In  the  large  estuary  of  the  Shubena- 
cadie,  which  connects  with  another  estuary  called  the  Basin  of  Mines, 
itself  an  embranchment  of  the  Bay  of  Fundy,  a  vast  body  of  water 
comes  rushing  up,  with  a  roaring  noise,  into  a  long  narrow  channel, 
and  while  it  is  ascending,  has  all  the  appearance  of  pouring  down  a 
plope  as  stc^ep  as  that  of  the  celebrated  rapids  of  the  St.  Lawrence. 
In  pi('turesque  effect,  however,  it  bears  no  comparison,  for  instead  ol 
the  transparent  green  water  and  snow-white  foam  of  the  St.  I.aw- 
rence,  the  whole  current  of  the  Shubenacadie  is  turbid  and  densely 
charged  with  red  mud.     The  same  phenomenon  is  frequently  wit- 
nessed in  the  principal  branches  of  the  Ganges  and  in  the  Megna  as 
before  mentioned  (p.  279.).     **In  the   Iloogly,"  says  Rennell,  '*the 
Bore  commences  at  lloogly  Point,  the  place  where  the  river  first  nm- 
tracts  itself,  and  is  perceptible  above  II(K>gly  Town  ;  and  so  quick  is 
its  motion,  that  it  hardly  employs  four  hours  in  travelling  from  one 
to  the  other,  though  the  distance  is  nearly  seventy  miles.     At  (\il- 

•  New  Monthly  Ma^'.  vol.  vL  p.  C'J.  §  So  Lyill's  Tnivels  in  Nortli  Aine- 

t  Von  JInii;  Vol.  i.  i>.  Of).  r'ua,  in  1842,  vol.  il  p.  lGt>.     lAatdvii, 

'     t  I'hil' 'I'i'ii"*.  1633,  p.  204.  184:). 
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utta  it  sometimes  occasions  an  instantaneous  rise  of  five  feet ;  and 
oth  here,  and  in  every  other  part  of  its  track,  the  boats,  on  its 
pproach,  immediately  quit  the  shore,  and  make  for  safety  to  the 
liddle  of  the  river.  In  the  channels,  between  the  islands  in  the 
louth  of  the  Megna,  the  height  of  the  Bore  is  said  to  exceed  twelve 
set ;  and  is  so  terrific  in  its  appearance,  and  dangerons  in  its  conse- 
aences,  that  no  boat  will  venture  to  pass  at  spring-tide."*  These 
raves  may  sometimes  cause  inundations,  undermine  clifis,  and  still 
acre  frequently  sweep  away  trees  and  land  animals  from  low  shores^ 
o  that  they  may  be  carried  down,  and  ultimately  imbedded  in  fluvia* 
lie  or  submarine  deposits. 

CURRENTS  IN  INLAND  LAKES  AND  SEAS. 

In  such  large  bodies  of  water  as  the  North  American  lakes^  the 
^ntinuance  of  a  strong  wind  in  one  direction  often  causes  the  eleva- 
ion  of  the  water,  and  its  accumulation  on  the  leeward  side ;  and 
vhile  the  equilibrium  is  restoring  itself,  powerful  currents  are  occa« 
ioned.  In  October,  1833,  a  strong  current  in  Lake  Erie,  caused 
>artly  by  the  set  of  the  waters  towards  the  outlet  of  the  Lake,  and 
Murtly  by  the  prevailing  wind,  burst  a  passage  through  the  extensive 
)eninsiila  called  Long  Point,  and  soon  excavated  a  channel  more  than 
line  feet  deep  and  nine  hundred  feet  wide.  Its  width  and  depth 
lave  since  increased,  and  a  new  and  costly  pier  has  been  erected ;  for 
t  is  hoped  that  this  event  will  permanently  improve  the  navigation 
>f  Lake  Erie  for  steam-boats.t  On  the  opposite,  or  southern  coast  ot 
his  lake,  in  front  of  the  town  of  Cleveland,  the  degradation  of  the 
cliffs  had  been  so  rapid  for  several  years  preceding  a  survey  made  in 
L837,  as  to  threaten .  many  towns  with  demolition.^  In  the  Black 
Sea,  also,  although  free  from  tides^  we  learn  from  Pallas  that  there  is 
%  sufficiently  strong  current  to  undermine  the  clifis  in  many  parts, 
ind  particularly  in  the  Crimea. 

Straits  of  Gibraltar, — It  is  well  known  that  a  powerful  current  sets 
constantly  from  the  Atlantic  into  the  Mediterranean,  and  its  influence 
extends  along  the  whole  southern  borders  of  that  sea,  and  even  to  the 
shores  of  Asia  Minor.  Captain  Smyth  found,  during  his  survey,  that 
the  central  current  ran  constantly  at  the  rate  of  from  three  to  six 
miles  an  hour  eastward  into  the  Mediterranean,  the  body  of  water 
being  three  miles  and  a  half  wide.  But  there  are  also  two  lateral 
currents  —  one  on  the  European,  and  one  on  the  African  side ;  each 
of  them  about  two  miles  and  a  half  broad,  and  flowing  at  about  the 
same  rate  as  the  central  stream.  These  lateral  currents  ebb  and  flow 
with  the  tide,  setting  alternately  into  the  Mediterranean  and  into  the 
Atlantic.  Hie  excess  of  water  constantly  flowing  in  is  very  great, 
&nd  there  is  only  one  cause  to  which  this  can  be  attributed,  the  loss  of 

*  Rennell,  Phil.  Traas.  1781.  \  Sillimaii*8  Joarn.  vol  xxxiv.  p.  349. 
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334  ACTION   OF  CUBBENTS  fCl 

water  in  tbo  Slediterranean  hy  evaporation.  That  tho  level  of  : 
eea  should  be  considerably  depressed  liy  tliis  cause  is  quite  Gaiioii«> 
able,  since  we  know  that  the  winds  blowing  from  the  shores  of  Afna 
are  hot  and  dry;  and  hygrometrical  experiments  recently  midi 
in  Malta  and  other  places,  show  that  the  mean  quantity  of  moiftntt 
in  the  air  investing  the  Uediterraue&n  is  equal  only  to  one  htlT 
of  that  in  the  atmosptere  of  England.  Tlie  temperature  also  of  tbi 
great  inland  sea  is  upon  an  average  higher,  by  SJ"  of  Fahrenfanl, 
than  the  eastern  part  of  the  Atlantic  Ocean  in  the  same  latilui^ 
which  must  greatly  promote  its  evaporation.  The  Black  Sea  bong 
situated  in  a  higlier  latitude,  and  being  the  receptacle  of  riven 
flowing  from  the  north,  is  much  colder,  and  its  expenditure  far  IcMi 
accordingly  it  does  not  draw  any  supply  from  the  Mediterranean,  W, 
on  the  contrary,  contributed  to  it  by  a  current  flowing  outwanls,  fnt 
the  most  part  of  the  year,  through  the  Dardanelles.  The  di^chti^ 
however,  at  the  Bosphurus  is  so  small,  when  compared  to  the  vcdnoc 
of  water  carried  in  by  rivers,  as  to  imply  a  great  amount  of  ev^io» 
tlon  in  the  Black  Sea. 

{Vhethenah  be  precipitated  inlhe  Mediterranean. — It  is,  bowenr. 
objected,  that  evaporation  carries  away  only  fre^h  water,  and  tbst 
the  current  from  the  Atlantic  is  continually  bringing  in  salt  wslef ; 
why,  then,  do  not  the  component  parts  of  the  waters  of  the  Meditcr- 
raneAD  vary  ?  or  how  can  they  remain  so  nearly  the  same  as  ttwse 
of  the  ocean  ?  Some  have  imagined  that  the  excess  of  salt  might 
be  carried  away  by  an  under-current  running  in  a  contrary  direction 
to  the  superior  i  and  this  hypothesis  appeared  to  receive  confirm- 
ation from  a  late  discovery,  that  tho  water  taken  up  abont  fi% 
miles  within  the  Straits,  from  a  depth  of  670  fathoms,  conUiiKJ 
«  quantity  of  salt/oiir  timrs  greater  than  the  water  of  the  snrfJK*. 
Dr.  Wollaston  •,  who  analysed  ihis  water  obtained  by  Captsin 
Smyth,  truly  inferred  that  an  under-current  of  such  denser  hsIM 
flowing  outward,  if  of  equal  breadth  and  depth  with  the  current  oesr 
the  surface,  would  carry  out  as  much  salt  below  as  is  brougbl  la 
above,  although  it  moved  with  less  tlian  one  fourth  part  of  tbt 
velocity,  and  would  thus  prevent  a  perpetual  increase  of  uttatf* 
in  the  Mediterranean  beyond  that  existing  in  the  Atlantic.  It  wii 
also  remarked  by  others,  that  the  result  would  be  the  saiae,  if  tb 
Bwiftncss  being  equal,  the  inferior  current  had  only  one  fourth  <i 
the  volume  of  the  superior.  At  the  same  time  there  appturd 
reason  to  conclude  that  this  great  specific  gravity  was  only  acijuiTtil 
by  water  at  immense  depths ;  for  two  specimens  of  the  water,  takoi 
within  the  Mediterranean,  at  the  distance  of  some  hundred  mile* 
from  the  Straits,  and  at  depths  of  400  and  even  450  falhaiiA 
were  found  by  Dr.  'Wollaston  not  to  exceed  in  density  that  of  msBj 
ordinary  samples  of  sea  water.  Such  being  the  case  we  can  no* 
prove  that  the  vast  amount  of  isilt  brought  into  the  MeditemniM 
doei  not  pass  out  again  by  the  Straits:  for  it  appcara  by  C^iUti 

•  Phil  Train.  1889,  port  L  p.  19. 
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Smytii'd  soundings,  which  Dr.  Wollaston  had  not  seen,  that  between 
the  capes  of  Trafalgar  and  Spartel,  which  are  twenty-two  miles  apart, 
and  where  the  Straits  are  shallowest,  the  deepest  part,  which  is  on  the 
side  of  Cape  Spartel,  is  only  220  fathoms.  It  is  therefore  evident, 
that  if  water  sinks  in  certain  parts  of  the  Mediterranean,  in  conse- 
quence of  the  increase  of  its  specific  gravity,  to  greater  depths  than 
220  fathoms,  it  can  never  ilow  out  again  into  the  Atlantic,  since  it 
most  be  stopped  by  the  submarine  barrier  which  crosses  the  shallowest 
put  of  the  Straits  of  Gibraltar. 

The  idea  of  the  existence  of  a  counter-current,  at  a  certain  depth, 
first  originated  in  the  following  circumstance:  —  M.  De  1' Aigle, 
commander  of  a  privateer  called  the  Phoenix  of  Marseilles,  gave  chase 
to  a  Dutch  merchant-ship,  near  Ceuta  Point,  and  coming  up  with  her 
in  the  middle  of  the  gut,  between  Tariffa  and  Tangier,  gave  her  one 
broadside,  which  directly  sunk  her.  A  few  days  after,  the  sunken 
ahip^  with  her  cargo  of  brandy  and  oil,  was  cast  ashore  near  Tangier, 
which  is  at  least  four  leagues  to  the  westward  of  the  place  where  she 
went  down,  and  to  which  she  must  have  floated  in  a  direction  con- 
trary to  the  course  of  the  central  current*  This  fact,  however, 
mtfords  no  evidence  of  an  under-current,  because  the  ship,  when  it 
approached  the  coast,  would  necessarily  be  within  the  influence  of  a 
lateral  current,  which  running  westward  twice  every  twenty-four 
luHirSy  might  have  brought  back  the  vessel  to  Tangier. 

What,  then,  becomes  of  the  excess  of  salt? — for  this  is  an  inquiry 
of  the  highest  geological  interest.  The  Rhone,  the  Po,  the  Nile, 
and  many  hundred  minor  streams  and  springs,  pour  annually  into  the 
Mediterranean  large  quantities  of  carbonate  of  lime,  together  with 
iron,  magnesia,  silica,  alumina,  sulphur,  and  other  mineral  ingre- 
dients in  a  state  of  chemical  solution.  To  explain  why  the  influx  of 
this  matter  does  not  alter  the  composition  of  this  sea  has  never  been 
regarded  as  a  difficulty;  for  it  is  known  that  calcareous  rocks  are 
forming  in  the  delta  of  the  Rhone,  in  the  Adriatic,  on  the  coast  of 
Asia  Minor^  and  in  other  localities.  Precipitation  is  acknowledged 
to  be  the  means  whereby  the  surplus  mineral  matter  is  disposed  of, 
after  the  consumption  of  a  certain  portion  in  the  secretions  of  testacea, 
zoophytes,  and  other  marine  animals.  But  before  muriate  of  soda 
can,  in  like  manner,  be  precipitated,  the  whole  Mediterranean  ought, 
according  to  the  received  principles  of  chemistry,  to  become  as  much 
saturated  with  salt  as  Lake  Ajral,  the  Dead  Sea,  or  the  brine-springs 
of  Cheshire. 

It  is  undoubtedly  true,  in  regard  to  small  bodies  of  water,  that 
«Tery  particle  must  be  fully  saturated  with  muriate  of  soda  before  a 
single  crystal  of  salt  can  be  formed  ;  such  is  probably  the  case  in  all 
tiataral  salterns :  such,  for  example,  as  those  described  by  travellers 
as  occurring  on  the  western  borders  of  the  Black  Sea,  where  exten- 
isive  marshes  are  said  to  be  covered  by  thin  films  of  salt  after  a 
i^pid  evaporation  of  sea  water.     The  salt  Hangs  of  the  Rhone,  where 

'  Phil  Trans.  1721. 
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salt  has  sometimes  been  precipitated  in  DODBiderablti  utiiini 
been  already  mentioned.  In  r^ard  to  the  depth  ol'  tlie  Medi 
it  appears  that  between  Gibraltar  and  Ceuta,  Captun  Smylh  aoaDdtd 
to  the  enormous  depth  of  950  bthoms,  and  fanod  there  a  gratcU* 
bottom,  with  fngmenta  of  broken  shells.  Saassure  eounded  to  ^ 
depth  of  two  thonaand  feet,  wittun  a  few  ynrda  of  the  shore,  at  Ni»: 
uid  U.  B^rard  has  lately  fathomed  to  the  depth  of  more  than  mx 
thonnnd  feet  in  aeveral  places  without  reaching  the  bottom.* 

The  central  abysses,  therefore,  of  this  sea  are,  in  all  UJtelihood, « 
least  as  deep  as  the  Alps  are  high ;  and,  as  aX  the  depth  of  sero 
hundred  falJionis  only,  water  has  been  fonod  to  contain  it  proponka 
of  salt  four  times  greater  than  at  the  surface,  we  may  pn-suuie  thti 
the  excess  of  salt  may  be  much  greater  at  the  depth  of  two  vr  tlm* 
niUes.  After  evaporation,  the  surface  water  becomes  impKinnli4 
with  a  slight  excess  of  sail,  and  its  specific  gravity  being  thiM  ii^ 
creased,  it  instantly  falls  to  the  bottom,  while  lighter  water  tiswl* 
the  top,  or  flows  in  laterally,  being  always  supplied  by  rtvert  and  tlw 
current  from  the  Atlantic.  The  heavier  fluid,  when  it  arrives « 
tb0  bottom,  cannot  stop  if  it  can  gain  access  to  any  tower  part  of  d« 
Iwd  of  tiie  aea,  not  previously  occupied  by  water  of  the  same  dcmHf' 

How  fltf  this  aocnmnlation  of  brine  can  extend  before  the  infoitf 
strata  of  water  will  part  with  any  of  their  salt,  and  what  diflWoff 
in  such  a  chemical  process  the  immense  pressure  of  the  iDCOiabtf 
ocean,  or  the  escape  of  heated  vnpours,  thermal  springs  or  sBbaarist 
volcanic  eruption^  might  occasion,  are  qnestions  which  cannot  te 
answered  in  the  present  state  of  science. 

The  Straits  of  Gibraltar  are  said  to  become  gradually  wider  bf  ll" 
wearing  down  of  the  clifTs  on  each  side  at  many  points;  and  ikt 
current  sets  along  the  coRst  of  Africa,  so  as  to  cause  coi  ~ 
inroads  in  various  parts,  particularly  near  Carthage.  Near  A( 
Canopic  mouth  of  the  Mile,  at  Aboukir,  the  coast  was  greatly  ' 
tated  in  the  year  1764,  when  a  small  islnnd  was  nearly  cow 
By  a  series  of  similar  operations,  the  old  site  of  the  cities  of 
Taposlris,  PorvR,  nnil  Cnnopus,  have  become  a  sand>baak.t 


*  Bull,  de  la  8oc  OfoL  de  Prance,—    siid  AlWca,  vol  iiL  iip.  34a  ■ 
"Mmati,  p.  73.  \6ii.  4th  edition, 
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REPRODUCTIVE  EFFECTS  OF   TIDES  AND  CURRENTS. 

ics  how  formed — Silting  np  of  estuaries  does  not  compensate  the  loss  of 

on  the  borders  of  the  ocean — Bed  of  the  German  Ocean — Composition 

extent  of  its  sand-banks — Strata  deposited  hy  currents  in  the  English 

onel — On  the  shores  of  the  Mediterranean — At  the  mouths  of  the  Amazon, 

loco,  and  Mississippi— Wide  area  over  which  strata  may  be  formed  by  this 

the  facts  enumerated  in  the  last  chapter,  it  appears  that  on  the 
rs  of  the  ocean,  currents  and  tides  co-operating  with  the  waves 
3  sea  are  most  powerful  instruments  in  the  destruction  and 
[X>rtation  of  rocks  ;  and  as  numerous  tributaries  discharge  their 
al  burden  into  the  channel  of  one  great  river,  so  we  find  that 
rivers  deliver  their  earthy  contents  to  one  marine  current,  to  be 
i  by  it  to  a  distance,  and  deposited  in  some  deep  receptacle  of  the 
I.     The  current,  besides  receiving  this  tribute  of  sedimentary 
T  from  streams  draining  the  land,  acts  also  itself  on  the  coast, 
es  a  river  on  the  cliffs  which  bound  a  valley.    Yet  the  waste  of 
by  marine  currents  constitutes  on  the  whole  a  very  insignificant 
3n  of  the  denudation  annually  effected  by  aqueous  causes,  as  I 
point  out  in  the  sequel  of  this  chapter  (p.  339.). 
inland  seas,  where  the  tides  are  insensible^  or  on  those  parts 
e  borders  of  the  ocean  where  they  are  feeble,  it  is  scarcely  pos- 
to  prevent  a  harbour  at  a  river's  mouth  from  silting  up  ;  for  a 
>f  sand  or  mud  is  formed  at  points  where  the  velocity  of  the 
d  river  is  checked  by  the  sea,  or  where  the  river  and  a  marine 
nt  neutralize  each  other's  force.     For  the  current,  as  we  have 
may,  like  the  river,  hold  in  suspension  a  large  quantity  of  sedi- 
,  or,  co-operating  with  the  waves,  may  cause  the  progressive 
m  of  a  shingle  beach  in  one  direction.     I  have  already  alluded 
e  erection  of  piers  and  groins  at  certain  places  on  our  southern 
,  to  arrest  tlie  course  of  the  shingle  and  sand  (see  p.  318.).     The 
idiate  effect  of  these  temporary  obstacles  is  to  cause  a  great 
nulation  of  pebbles  on  one  side  of  the  barrier,  after  which  the 
1  still  moves  on  round  the  end  of  the  pier  at  a  greater  distance 
the  land.     This  system,  however,  is  often  attended  with  a  serious 
for  during  storms  the  waves  throw  suddenly  into  the  harbour 
'ast  heap  of  pebbles  which  have  collected  for  years  behind  the 
I  or  pier,  as  happened  during  a  great  gale  (Jan.  1839)  at, Dover, 
le  formation  and  keeping  open  of  large  estuaries  are  due  to  the 
ined  influence  of  tidal  currents  and  rivers ;  for  when  the  tide 
,  a  large  body  of  water  suddenly  enters  the  mouth  of  the  river 
e,  becoming  confin  ed  within  narrower  bounds,  while  its  momen 
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turn  is  not  destroyed,  it  is  urged  on,  and,  having  to  pass  tbrough  t 
contracted  channel,  rises  and  runs  with  increased  velocity,  just  ast 
stream  when  it  reaches  the  arch  of  a  bridge  scarcely  large  enough  to 
give  passage  to  its  waters,  rushes  with  a  steep  fall  through  the  arch. 
During  the  ascent  of  the  tide,  a  body  of  fresh  water,  flowing  down  in 
an  opposite  direction  from  tlie  higher  country,  is  arrested  in  its  ooane 
for  several  hours ;  and  thus  a  large  lake  of  fresh  and  brackish  water  ifl 
accumulated,  which,  when  the  sea  ebbs,  is  let  loose,  as  on  the  remonl 
of  an  artificial  sluice  or  dam.  By  the  force  of  this  retiring  water,  the 
alluvial  sediment  both  of  the  river  and  of  the  sea  is  swept  away,  tod 
transported  to  such  a  distance  from  the  mouth  of  the  estuary,  that  s 
small  part  only  can  return  with  the  next  tide. 

It  sometimes  happens,  that  during  a  violent  storm  a  large  bar  of 
sand  is  suddenly  made  to  shift  its  position,  so  as  to  prevent  the  free 
influx  of  the  tides,  or  efflux  of  river  water.  Thus  about  the  year 
loOO  the  sands  at  Bayonne  were  suddenly  thrown  across  the  mouth 
of  the  Adour.  That  river,  flowing  back  upon  itself,  soon  forced  s 
passage  to  the  northward  along  the  sandy  plain  of  Capbreton,  till  ftt 
last  it  reached  the  sea  at  Boucau,  at  the  distance  of  seven  leaguet 
from  the  point  where  it  had  formerly  entered.  It  was  not  till  the 
year  1.579  that  the  celebrated  architect  Louis  de  Foix  undertook,  iK 
th«»  desire  of  Il(?nry  III.,  to  re-open  the  ancient  eliannel,  which  heat 
las^t  elfeeteJ  with  «:!^reiit  ditliculty.* 

In  tlie  estuary  of  the  Thames  at  London,  and  in  the  Gimnde,  the 
tide  ri.-*es  only  for  live  hours  and  ebbs  seven,  and  in  all  estuaries  the 
water  recjuires  a  longer  lime  to  run  duwn  than  up ;  so  that  the  pre- 
ponderatin;^  furce  is  always  in  tlie  <lireclion  wliieh  tends  to  keep  optn 
a  deep  and  broad  passage.  But  for  reasons  already  explained,  there 
is  naturally  a  tendency  in  all  estuaries  to  silt  up  partially,  since  edJie?, 
and  backwaters,  and  [)()ints  where  opposing  streams  meet,  are  very 
numerous,  ami  eonstantly  ehange  their  j)o*ition. 

!Maiiv  writ«T^  have  deelart'il  tliat  the  '^lin  oii  our  eastern  coast,  sini'e 
the  earlit'St  periods  of  history,  has  more  than  counterbalanced  the 
loss  ;  but  they  Iiuve  been  at  nt)  pains  to  ealeuhite  the  amount  of  lo?*- 
and  have  often  forgotten  that,  while  the  new  ae(iuisitions  are  mani- 
fest, there  are  ran-ly  any  natural  nicmuments  to  attest  the  fomi'T 
exi>teiire  of  the  land  that  has  been  earried  away.  They  have  aL^-) 
taken  into  their  aeeount  those  tracts  artificially  reeo\*ered,  which  ar=* 
often  of  grtrat  ai'ricultural  importance,  and  may  remain  secure,  |)er- 
haps,  for  thousands  ot"  years,  but  which  are  only  a  few  feet  alwve  the 
mean  level  of  the  sea,  and  are  therefore  exposed  to  be  overllowed 
again  by  a  small  j)roportion  of  the  force  recjuired  to  move  cliffs  of 
con>ideral)h-  height  on  our  shores.  If  it  were  true  that  the  area  »*1 
land  annually  al)andone«l  by  the  sea  in  estuaries  were  equal  to  that 
invaded  by  it,  there  would  still  be  no  compensation  in  kind. 

The  tidal  current  which  flows  out  from  the  north-west,  and  bear* 
against  the  eastern  coast  of  England,  transports,  as  we  have  seen. 

*  NouvcUc  L'lironi«jiK'  «U'  hi  Villo  dc  Uiiyoniic.  pji.  \V\,  1.3H.  l!»i*7. 
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laterials  of  various  kinds.  Aided  hj  the  waves,  it  undermines  and 
creeps  awaj  the  granite,  gneiss,  trap  rocks,  and  sand-stone  of  Shet- 
md,  and  removes  the  gravel  and  loam  of  the  cliffs  of  Holdemess, 
Torfolk,  and  Suffolk,  which  are  between  twenty  and  three  hundred 
set  in  height,  and  which  waste  at  various  rates  of  from  one  foot  to 
IX  yards  annually.  It  also  bears  away,  in  co-operation  with  the 
'hames  and  the  tides,  the  strata  of  London  clay  on  the  coast  of  Essex 
nd  Sheppey.  The  sea  at  the  same  time  consumes  the  chalk  with  its 
ints  for  many  miles  continuously  on  the  shores  of  Kent  and  Sussex 
-  commits  annual  ravages  on  the  freshwater  beds,  capped  by  a  thick 
overing  of  chalk-flint  gravel,  in  Hampshire,  and  continually  saps  the 
>undations  of  the  Portland  limestone.  It  receives,  besides,  during 
ie  rainy  months,  large  supplies  of  pebbles,  sand,  and  mud,  which 
omerous  streams  from  the  Grampians,  Cheviots,  and  other  chains, 
snd  down  to  the  sea.  To  what  regions,  then,  is  aU  this  matter  con-> 
igned  ?  It  is  not  retained  in  mechanical  suspension  by  the  waters 
f  the  ocean,  nor  does  it  mix  with  them  in  a  state  of  chemical  solution, 
-it  is  deposited  somewhere,  yet  certainly  not  in  the  immediate 
eighbourhood  of  our  shores ;  for,  in  that  case,  there  would  soon  be  a 
essation  of  the  encroachment  of  the  sea,  and  large  tracts  of  low 
ind,  like  Bomney  Marsh,  would  almost  everywhere  encircle  our 
iland. 

As  there  is  now  a  depth  of  water  exceeding  thirty  feet,  in  some 
pots  where  towns  like  Dunwich  flourished  but  a  few  centuries  ago, 
)  is  clear  that  the  current  not  only  carries  ^far  away  the  materials  of 
be  wasted  clifls,  but  is  capable  also  of  excavating  the  bed  of  the  sea 
0  a  certain  moderate  depth. 

So  great  is  the  quantity  of  matter  held  in  suspension  by  the  tidal 
arrent  on  our  shores,  that  the  waters  are  in  some  places  artificially 
ntroduced  into  certain  lands  below  the  level  of  the  sea ;  and  by  re- 
peating this  operation,  which  is  called  "  warping, **  for  two  or  three 
ears,  considerable  tracts  have  been  raised,  in  the  estuary  of  the 
lumber,  to  the  height  of  about  six  feet.  If  a  current,  charged  with 
uch  materials,  meets  with  deep  depressions  in  the  bed  of  the*  ocean, 
t  must  often  All  them  up ;  just  as  a  river,  when  it  meets  with  a  lake 
Q  its  course,  fills  it  gradually  with  sediment. 

I  have  said  (p.  337.)  that  the  action  of  the  waves  and  cur- 
ents  on  sea-cliffs,  or  their  power  to  remove  matter  from  above  to 
lelow  the  sea  level,  is  insignificant  in  comparison  with  the  power  of 
ivers  to  perform  the  same  task.  As  an  illustration  we  may  take  the 
loast  of  Holderness  described  in  the  last  chapter  (p.  304).  It  is 
imposed,  as  we  have  seen,  of  very  destructible  materials,  is  thirty-six 
oiles  long,  and  its  average  height  may  be  taken  at  forty  feet.  As  it  has 
rasted  away  at  the  rate  of  two  and  a  quarter  yards  annually,  for  a  long 
leriod,  it  will  be  found  on  calculation  that  the  quantity  of  matter  thrown 
lown  into  the  sea  every  year,  and  removed  by  the  current,  amounts 
0  51,321,600  cubic  feet.  It  has  been  shown  that  the  united  Granges 
nd  Brahmapootra  carry  down  to  the  Bay  of  Bengal  40,000,000,000 
»f  cubic  feet  of  solid  matter  every  year,  so  that  their  transporting 
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power  is  no  less  than  780  times  greater  than  that  of  the  sea  on  the 
coast  above  mentioned ;  and  in  order  to  produce  a  result  equal  to  thit 
of  the  two  Indian  rivers,  we  must  have  a  line  of  wasting  coast,  like 
that  of  Iloldemess,  nearly  28,000  miles  in  length,  or  longer  than  the 
entire  circumference  of  the  globe  by  above  3000  miles.  The  reason 
of  so  great  a  difference  in  the  results  may  be  understood  when  we 
reflect  that  the  operations  of  the  ocean  arc  limited  to  a  single  line 
of  cliff  surrounding  a  large  area,  whereas  great  rivers  with  their 
tributaries,  and  the  mountain  torrents  which  flow  into  them,  ict 
simultaneously  on  a  length  of  bank  almost  indeflnite. 

Nevertheless  we  are  by  no  means  entitled  to  infer,  that  the  denuding 
force  of  the  great  ocean  is  a  geological  cause  of  small  eflicacy,  or  inferior 
to  that  of  rivers.  Its  chief  influence  is  exerted  at  moderate  depths 
below  the  surface,  on  all  those  areas  which  are  slowly  rising,  or  ire 
attempting,  as  it  were,  to  rise  above  the  sea.  From  data  hitherto  ob- 
tained respecting  subterranean  movements,  we  can  scarcely  speculate 
on  an  average  rate  of  upheaval  of  more  than  two  or  three  feet  in  s 
century.  An  elevation  to  this  amount  is  taking  place  in  Scandinavia, 
and  probably  in  many  submarine  areas  as  vast  as  those  which  we 
know  to  bo  sinking  from  the  proofs  derived  from  circular  lagooB 
islands  or  coral  atolls.  (See  chap.  50.)  Suppose  strata  as  destructible 
as  those  of  the  WealJen,  or  tin*  lowor  an<l  upper  cretaceous  formation, 
or  the  tertiary  deposits  of  tlie  Hritish  Isles  to  be  tlius  slowly  upheavri. 
how  readily  might  they  all  he  swept  away  by  waves  and  currents  in 
an  open  seal  How  entirely  might  eaeh  stratum  disappear  as  it  w.i? 
brought  up  successively  and  exposed  to  the  breakers  I  Shoals  of  wivi^' 
extent  might  be  produced,  hut  it  is  ditlioult  to  conceive  how  any 
continent  could  ever  he  formed  under  such  circumstances.  Wen*  i* 
not  indeed  for  the  hardness  and  toujrhness  of  the  crvstalline  uinl 
volcanic  rocks  which  are  often  capable  of  resisting  the  action  of  iIm? 
waves  i'ew  lands  might  ever  emerge  from  the  midst  of  an  open  se.i. 

Supposed  fill  in  f/  up  of  the  (ivrman  Ocean,  —  'I'he  German  (KY.in 
is  dee[)est  on  the  Norwegian  side,  where  the  soundings  give  W 
fathoms ;  but  the  mean  dt^plh  of  the  wlioh^  basin  may  be  statetl  at  n-^ 
mon;  than  thirty-one  fathoms.*  The  l»e<l  of  this  sea  is  traversed  I'J 
sevi*ral  enormous  hank<,  the  great«'st  of  which  is  the  Dogger  Bank. 
extending  for  upwards  of  3o4  miles  from  nt)rth  to  south.  Tlie  whulo 
superficies  of  tlu^se  shoals  is  ecpial  to  about  one-third  of  the  wbol<^ 
extent  of  Kngland  and  Scotland.  Tlie  average  heiiiht  t)f  the  banks 
measures,  according  to  Mr.  Stevenson,  about  si.'Venty-eii;lit  tWl ; 
the  upper  portion  of  them  consisting  of  tine  and  ct>arse  silicfou* 
sand,  mixed  with  comminntecl  corals  ami  sludls.f  It  had  In^en  ^up• 
posi-d  that  these  vast  submarine  hills  were  madt;  up  boililv  of  l>i'^' 
materials  supplied  from  the  waste  of  the  English,  Dutch,  aivl 
othcj*  C4)asts  ;  but  the  survey  of  tiic  North  Sea,  con<lucted  by  C:il»* 
tain    llcwett,    affords   ground    for    suspecting   this    opinion    to   be 

•  Sti'vcu.-nnoii  1»'«1  of  Ucnn;in  <K\;in,         j  Stc\cii?'.»n,  il>iJ.  p.  17.  l?-*o. 
VA,  rhil.  Juuru.  No.  v.  p.  44.  Ib'iO. 
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oneous.  If  such  immense  mounds  of  sand  and  mud  had  been 
emulated  under  the  influence  of  currents,  the  same  causes  ought 
irlj  to  have  reduced  to  one  level  the  entire  bottom  of  the 
;rman  Ocean;  instead  of  which  some  long  narrow  ravines  are 
ind  to  intersect  the  banks.  One  of  these  varies  from  seventeen  to 
ty-four  fathoms  in  depth,  and  has  very  precipitous  sides ;  in  one 
rt,  called  the  **  Inner  Silver  Pits,**  it  is  fifty -five  fathoms  deep, 
le  shallowest  parts  of  the  Dogger  Bank  were  found  to  be  forty-two 
t  under  water,  except  in  one  place,  where  the  wreck  of  a  ship  had 
ised  a  shoal.  Such  uniformity  in  the  minimum  depth  of  water 
ms  to  imply  that  the  currents,  which  vary  in  their  velocity  from 
nile  to  two  miles  and  a  half  per  hour,  have  power  to  prevent  the 
emulation  of  drift  matter  in  places  of  less  depth. 
Strata  deposited  by  currents. — It  appears  extraordinary,  that  in 
ne  tracts  of  the  sea,  adjoining  the  boast  of  England,  where  we  know 
it  currents  are  not  only  sweeping  along  rocky  masses,  thrown  down, 
m  time  to  time,  from  the  high  cliffs,  but  also  occasionally  scooping 
\,  channels  in  the  regular  strata,  there  should  exist  fragile  shells  and 
ider  zoophytes  in  abundance,  which  live  uninjured  by  these  violent 
•vements.  The  ocean,  however,  is  in  this  respect  a  counterpart  of 
!  land ;  and  as,  on  the  continents,  rivers  may  undermine  their  banks, 
root  trees,  and  roll  along  sand  and  gravel,  while  their  waters  are  in- 
cited by  testacea  and  fish,  and  their  alluvial  plains  are  adorned  with 
h  vegetation  and  forests,  so  the  sea  may  be  traversed  by  rapid  cur- 
its,  and  its  bed  may  here  and  there  sufier  great  local  derangement, 
thout  any  interruption  of  the  general  order  and  tranquillity.  It 
i  been  ascertained  by  soundingGT  in  all  parts  of  the  world,  that 
ere  new  deposits  are  taking  place  in  the  sea,  coarse  sand  and  small 
>bles  commonly  occur  near  the  shore,  while  farther  from  land,  and 
deeper  water,  finer  sand  and  broken  shells  are  spread  out  over  the 
ttom.  Still  farther  out,  the  finest  mud  and  ooze  are  alone  met  with. 
*.  Austen  observes  that  this  rule  holds  good  in  every  part  of  the 
iglish  Channel  examined  by  him.  He  also  informs  us,  that  where 
5  tidal  current  runs  rapidly  in  what  are  called  "races,**  where 
-face  undulations  are  perceived  in  the  calmest  weather,  over  deep 
oks,  the  discoloration  of  the  water  does  not  arise  from  the  power  of 
*h  a  current  to  disturb  the  bottom  at  a  depth  of  40  or  80  fathoms, 
some  have  supposed.  In  these  cases,  a  column  of  water  sometimes 
0  feet  in  height,  is  moving  onwards  with  the  tide  clear  and  trans- 
rent  above,  while  the  lower  portion  holds  fine  sediment  in  suspen- 
n  (a  fact  ascertained  by  soundings),  when  suddenly  it  impinges 
on  a  bank,  and  its  height  is  reduced  to  300  feet.  It  is  thus  made 
boil  up  and  fiow  ofi*  at  the  surface,  a  process  which  forces  up  the 
rer  strata  of  water  charged  with  fine  particles  of  mud,  which  in 
(ir  passage  from  the  coast  had  gradually  sunk  to  a  depth  of  300 
t  or  more.* 

*  Bobt.  A.  C.  Austen,  Quart  Joum.  GeoL  Soc.  vol.  tL  p.  76 
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One  important  character  in  the  formations  produced  bj  currents  iii 
the  immense  extent  over  which  they  may  be  the  means  of  diffnsiog 
homogeneous  mixtures,  for  these  are  often  co-extensive  with  a  great 
line  of  coast ;  and,  by  comparison  with  their  deposits,  the  deltis  of 
rivers  must  shrink  into  significance.  In  the  Mediterranean,  the  wot 
current  which  is  rapidly  destroying  many  parts  of  the  African  coaft» 
between  the  Straits  of  Gibraltar  and  the  Nile,  checks  also  the  growth 
of  the  delta  of  the  Nile,  and  drifts  the  sediment  of  that  great  river  to 
the  eastward.  To  this  source  may  be  attributed  the  rapid  accretions 
of  land  on  parts  of  the  Syrian  shores  where  rivers  do  not  enter. 

Among  the  greatest  deposits  now  in  progress,  and  of  which  the 
distribution  is  chiefly  determined  by  currents,  we  may  class  thoK 
between  the  mouths  of  the  Amazon  and  the  southern  coast  of  North 
America.  Captain  Sabine  found  that  the  equatorial  current  before 
mentioned  (p.  292.)  was  running  with  the  rapidity  of  four  miles  tn 
hour  where  it  crosses  the  stream  of  the  Amazon,  which  river  pre- 
serves part  of  its  original  impulse,  and  has  its  waters  not  wbollj 
mingled  with  those  of  the  ocean  at  the  distance  of  300  miks 
from  its  mouth.*  The  sediment  of  the  Amazon  is  thus  con* 
stantly  carried  to  the  north-west  as  far  as  to  the  mouths  of  the 
Orinoco,  and  an  immense  trart  of  swamp  is  forincJ  along  thv  coa.«t  of 
Guiana,  with  a  lonjij  range  of  muddy  shoals  bordering  the  mar^lKS 
and  Iwcominir  converted  into  land.f  Tin;  sediment  (ffthe  Orinoco 
is  partly  detained,  and  setth'S  near  its  mouth,  causinjr  the  shon?  ^J 
Trinidad  to  extend  rapidly,  and  is  partly  swe[>t  away  into  tU 
Carriliean  Sea  by  the  (iuinea  current.  Aeeonlinj;  to  llumhoMt.  iniKh 
sediment  is  carried  again  out  of  the  Carribean  Sea  into  the  (»ult  ^'i 
Mi'xieo. 

It  should  not  he  overlook(Ml  that  marines  eurrent-s,  evrn  on  ci>'»*t? 
where  th»'n^  are  no  larire  rivers,  may  still  Ix?  th«»  agents  of  ji;iri':i'iiR- 
not  only  sand  and  pehhles,  but  the  finest  mud,  far  and  wide  over  tl;«' 
bottom  of  tlH»  oeean.  For  srvcrai  t/nnistnul  miles  alonir  tlie  westtm 
coast  of  South  America,  comprisini*  the  larijer  parts  of  Peru  ana 
Chili,  then*  is  a  perpetual  rolling  of  shinirh*  aloni:  the  shore,  part  I't 
whieh,  as  Mr.  Darwin  has  shown,  are  incessantly  redueed  to  the  linr"'. 
mud  by  the  waves,  and  swept  into  the  depths  of  the  I'acilic  by  th" 
tides  and  currents.  The  same  author  however  has  remarked  tliat. 
n(»twiihslandin^'  the  great  force  of  the  waves  on  that  shore,  all  nt*^^ 
G()  feet  under  water  are  covered  by  sea  weed,  showing  that  the  bidol 
the  sea  is  not  denuiled  at  that  depth,  the  etfeets  of  the  winds  U'inS 
comparatively  superticial. 

In  re;rard  to  the  distribution  of  sediment  by  currents  it  may  l»^ 
observed,  tliat  the  rate  ot*  subsidi'uce  t>f  the  finer  mud  carried  dewn 
by  every  i;reat  river  into  the  ocean,  or  of  that  eausid  by  tin*  rullin*: 
of  th(f  waves  upon  a  shore,  must  be  extremely  slow  ;  for  the  nn»ri" 
minute  the  separate  j)articles  ot"  mud,  the  slower  will  they  sink  lu  li  ^ 

•  KxiHniii»Ttst«Hli'fi  nniiicthul''ii:urc         f  liOilujiil  on  N,it.  lli>:.  ei  ^;u^..■.■»' 
of  the  Kanh,  &c.  \\  415.  Kiliii.  Trans,  vul.  iv. 
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bottom^  and  the  sooner  will  thej  acquire  what  is  called  their  terminal 
velocitj.  It  is  well  known  that  a  solid  body,  descending  through  a 
resisting  medium,  falls  by  the  force  of  gravity,  which  is  constant,  but 
its  motion  is  resisted  by  the  medium  more  and  more  as  its  velocity 
increases,  until  the  resistance  becomes  sufficient  to  counteract  the 
further  increase  of  velocity.  For  example,  a  leaden  ball,  one  inch 
diameter,  falling  through  air  of  density  as  at  the  earth's  surface,  will 
never  acquire  greater  velocity  than  260  feet  per  second,  and,  in 
water,  its  greatest  velocity  will  be  8  feet  6  inches  per  second.  If  the 
diameter  of  the  ball  were^^^^  of  an  inch,  the  terminal  velocities  in 
air  would  be  26  feet,  and  in  water  *86  of  a  foot  per  second. 

Now,  every  chemist  is  familiar  with  the  fact,  that  minute  particles 
descend  with  extreme  slowness  through  water,  the  extent  of  their 
Burface  being  very  great  in  proportion  to  their  weight,  and  the 
resistance  of  the  fluid  depending  on  the  amount  of  surface.  A  pre- 
cipitate of  sulphate  of  baryta,  for  example,  will  sometimes  require 
more  than  five  or  six  hours  to  subside  one  inch*  ;  while  oxalate  and 
phosphate  of  lime  require  nearly  an  hour  to  subside  about  an  inch  and 
a  half  and  two  inches  respectively  f,  so  exceedingly  small  are  the 
particles  of  which  these  substances  consist. 

When  we  recollect  that  the  depth  of  the  ocean  is  supposed  fre- 
quently to  exceed  tliree  miles,  and  that  currents  run  through  dif- 
ferent parts  of  that  ocean  at  the  rate  of  four  miles  an  hour,  and  when 
at  the  same  time  we  consider  that  some  fine  mud  carried  away  from 
the  mouths  of  rivers  and  from  sea-beaches,  where  there  is  a  heavy 
surf,  as  well  as  the  impalpable  powder  showered  down  by  volcanos, 
may  subside  at  the  rate  of  only  an  inch  per  hour,  we  shall  be  pre- 
pared to  find  examples  of  the  transportation  of  sediment  over  areas 
of  indefinite  extent. 

It  is  not  uncommon  for  the  emery  powder  used  in  polishing  glass 
to  take  more  than  an  hour  to  sink  one  foot  Suppose  mud  composed 
of  coarser  particles  to  fall  at  the  rate  of  two  feet  per  hour,  and  these 
to  be  discharged  into  that  part  of  the  Gulf  Stream  which  preserves 
%  mean  velocity  of  three  miles  an  hour  for  a  distance  of  two  thousand 
miles  ;  in  twenty-eight  days  these  particles  will  be  carried  2016 
miles,  and  will  have  fallen  only  to  a  depth  of  224  fathoms. 

In  this  example,  however,  it  is  assumed  that  the  current  retains 
its  superficial  velocity  at  the  depth  of  224  fathoms,  for  which  we 
have  as  yet  no  data,  although  we  have  seen  that  the  motion  of  a 
emrrent  may  continue  at  the  depth  of  100  fathoms.  (See  above,  p.  28.) 
Experiments  should  be  made  to  ascertain  the  rate  of  currents  at  consi- 
derable distances  from  the  surface,  and  the  time  taken  by  the  finest 
sediment  to  Settle  in  sea-water  of  a  given  depth,  and  then  the  geologist 
may  determine  the  area  over  which  homogeneous  mixtures  may  be 
simultaneously  distributed  in  certain  seas. 

•  On  the  authority  of  Mr.  Faraday.       f  ^^  the  authority  of  Mr.  R.  Phillips. 
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CHAPTER  XXIL 

IGNEOUS  CAUSES. 

Changes  of  the  inorganic  world,  continued — Igneous  canscs — Dirisioii  of  the  m^ 
jcct — Distinct  Yolcanic  regions — Region  of  the  Andes — System  of  ickua 
extending  from  the  Aleutian  isles  to  the  Molucca  and  Snnda  islands— Poly- 
nesian arcliii)e]ago — Volcanic  region  extending  from  Central  Asia  to  the  AwW 
— Tradition  of  deluges  on  the  shores  of  the  Bosphorus,  Hellespont,  and  Giw" 
isles  —  Periodical  alternation  of  earthquakes  in  Syria  and  Sonthem  Italy- 
Western  limits  of  the  European  region — Earthquakes  rarer  and  more  fccUe  n 
wo  recede  from  the  centres  of  volcanic  action — Extinct  Tolcanoe  not  to  b< 
included  in  lines  of  actiye  vents. 

We  have  hitherto  considered  the  changes  wrought,  since  the  tinifis  of 
history  and  tradition,  by  the  continued  action  of  aqueous  causes  oa 
the  earth's  surface ;  and  we  have  next  to  examine  those  resulting 
from  igneous  agency.     As  the  rivers  and  springs  on  the  land,  im 
tlio  tides  and  currents  in  the  sea,  have,  with  some  slight  modifications, 
been  fixed  and  constant  to  certain  localities  from  the  earliest  periods 
of  which  we  have  any  records,  so  the  volcano  and  the  earthquue 
have,  with  few  exceptions,  continued,  during  the  same  lapse  of  time* 
to  disturb  the  same  regions.     But  as  there  are  signs,  on  almost  everj 
part  of  our  continent,  of  great  power  having  been  exerted  by  running 
water  on  the  surface  of  the  land,  and  by  waves,  tides,  and  currents 
on  cliffs  bordering  the  sea,  where,  in  modern  times,  no  rivers,  liav«? 
excavated,  and  no  waves  or  tidal  currents  undermined — so  we  finJ 
si^ns  of  volcanic  vents  and  violent  subterrane^cn  movements  in  pbce* 
where  the  Jiction  of  fire  or  internal  heat  has  long  been  dormant.    ^^^ 
can  explain  why  t!ie  intensity  of  the  Ibrce  of  aqueous  causes  sliouW 
be  devL'luped  in  succession  in  ditferent  districts.     Currents,  for  ex- 
ample, tides,  and  tlie  waves  of  the  sea,  cannot  destroy  coasts,  shai* 
out  or  silt  up  estuaries,  break    through    isthmuses,  and    anniliil4l<^ 
islands,  form  shoals  in  one  place,  and   remove  them  from  anotiurr, 
without  the  direction  and  position  of  their  destroying  and  transport- 
ing power  becoming  traiisferred  to  new  localities.     Neither  can  thf 
relative  levels  of  the  earth's  crust,  above  and  beneath  the  waters,  vary 
from  time  to  time,  as  they  are  admitted  to  have  varied  at  former 
periods,  and  as  it  will  be  demonstrated  that  they  still  do,  without  the 
continents  beinir,  in  the  course  of  ages,  modified,  and  even  enlimy 
altered,  in  their  external  configuration.     Such  events  must  clearlvbe 
necompanied  by  a   complete   cliange  in    the    volume,    velocity,  and 
direetion  of  the  streams  and  land  lioods  to  which  certain  regions  g»T* 
])a^sage.     That  we  should  find,  therefore,  clitfs  where  the  seaonc^* 
committed  ravages,  and  from  which  it  has  now  retired  —  estuane* 
where  high  tides  once  rose,  but  which  arc  now  dried  up — vall^^J* 
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hollowed  out  by  water,  where  no  streams  now  flow,  is  no  more  than 
we  should  expect ; — these  and  similar  phenomena  are  the  necessary 
consequences  of  physical  causes  now  in  operation ;  and  if  there  be 
no  instability  in  the  laws  of  nature,  similar  fluctuations  must  recur 
again  and  again  in  time  to  come. 

But,  however  natural  it  may  be  that  the  force  of  running  water  in 
numerous  valleys,  and  of  tides  and  currents  in  many  tracts  of  the  sea, 
should  now  be  spent,  it  is  by  no  means  so  easy  to  explain  why  the 
violence  of  the  earthquake  and  the  fire  of  the  volcano  should  also 
have  become  locally  extinct  at  successive  periods.  We  c&n  look 
back  to  the  time  when  the  marine  strata,  whereon  the  great  mass  of 
Etna  rests,  had  no  existence ;  and  that  time  is  extremely  modem  in 
the  earth*s  history.  This  alone  aflbrds  ground  for  anticipating  that 
the  eruptions  of  Etna  will  one  day  cease. 

Nee  quae  sulfurcis  ardct  fornaciboB  iEtna 
Ignca  semper  erit,  neqtte  enimfuit  ignea  semper ^ 

(Ovid,  Metam.  lib.  15—340.) 

are  the  memorable  words  which  are  put  into  the  mouth  of  Pythagoras 
by  the  Roman  poet,  and  they  are  followed  by  speculations  as  to  the 
cause  of  volcanic  vents  shifting  their  positions.  Whatever  doubts 
the  philosopher  expresses  as  to  the  nature  of  these  causes,  it  is 
assumed,  as  incontrovertible,  that  the  points  of  eruption  will  here- 
after vary,  because  they  have  formerly  done  so  ;  a  principle  of  reason- 
ing which,  as  I  have  endeavoured  to  show  in  former  chapters,  has 
been  too  much  set  at  nought  by  some  of  the  earlier  schools  of  geology, 
which  refused  to  conclude  that  great  revolutions  in  the  earth's  surface 
are  now  in  progress,  or  that  they  will  take  place  hereafter,  because 
they  have  often  been  repeated  in  former  ages. 

Division  of  the  subject — Volcanic  action  may  be  defined  to  be 
''the  influence  exerted  by  the  heated  interior  of  the  earth  on  its 
external  covering."  If  we  adopt  this  definition,  without  connecting 
it,  as  Humboldt  has  done,  with  the  theory  of  secular  refrigeration,  or 
the  cooling  down  of  an  original  heated  and  fluid  nucleus,  we  may 
then  class  under  a  general  head  all  the  subterranean  phenomena, 
whether  of  volcanos,  or  earthquakes,  and  those  insensible  movements 
of  the  land,  by  which,  as  will  afterwards  appear,  large  districts  may 
be  depressed  or  elevated,  without  convulsions.  According  to  this 
view,  I  shall  consider  first,  the  volcano ;  secondly,  the  earthquake ; 
thirdly,  the  rising  or  sinking  of  land  in  countries  where  there  are  no 
volcanos  or  earthquakes ;  fourthly,  the  probable  causes  of  the  changes 
which  result  from  subterranean  agency. 

It  is  a  very  general  opinion  that  earthquakes  and  volcanos  have  a 
common  origin;  for  both  are  confined  to  certain  regions,  although 
the  subterranean  movements  are  least  violent  in  the  immediate  prox- 
imity of  volcanic  vents,  especially  whete  the  discharge  of  aeriform 
fluids  and  melted  rock  is  made  constantly  from  the  same  crater.  But 
as  there  are  particular  regions,  to  which  both  the  points  of  eruption 
and  the  movements  of  great  earthquakes  are  confined,  I  shall  begin 
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by  tracing  out  the  goographicul  boundaries  of  some  of  tluae,  thtllk 
reader  may  be  aware  of  the  magnificent  st-'ale  on  which  the  agency  (f 
subterranean  liro  h  now  simultaneously  developed.  Over  the  «teti  I 
of  the  vsBt  traels  atluiled  to,  active  volcanic  rents  mu  dlMriteul 
at  intervals,  and  most  commonly  arranged  in  a  linear  direrti« 
Throughout  the  intermediuto  spsces  there  ia  often  abundant  c^i^erw 
that  the  sublemmean  fire  ia  at  work  continuously,  fur  the  ground  It 
convulsed  from  time  to  time  by  earthquakes;  gaseous  vnpoun  *^ 
pecially  carbonic  acid  gas,  are  disengaged  plentifully  from  the  soil-. 
springs  ollen  issue  at  a  very  high  temperature,  and  their  water!  in 
uaually  impregnated  with  the  same  mineral  matters  as  are  dischargid 
by  vulcanoa  during  eruptions.  I 

VOLCANIC  BEGIOKS,  I 

lifgion  of  Ike  Andei. — Of  these  great  regions,  that  of  the  AnJa 
of  South  America  is  one  of  the  best  defined,  eilvoding  from  ttin 
southward  of  Chili  to  the  northward  of  Quito,  from  about  lat.  43*& 
to  about  2°  N.  of  the  equator.  In  this  range,  however,  comprehcoilinc 
forty-five  degrees  of  latitude,  there  h  an  alternation  on  a  giuJ 
acnle  of  districts  of  active  with  those  of  extinct  volcanos,  or  whif!i,iE 
not  spent,  have  at  least  been  dormant  for  the  last  three  centori* 
How  long  an  interval  of  rest  may  entitle  os  to  consider  a  volcano  i> 
entirely  extinct  is  not  easily  determined  ;  but  we  know  that  in  Ik4» 
there  intervened  between  two  consecutive  erupiions  a  pause  of  Bevtu- 
teen  centuries ;  and  the  discovery  of  America  ia  an  event  of  far  l« 
recent  a  date  to  allow  na  even  to  conjecture  whether  different  p*- 
tiona  of  the  Andes,  nearly  the  whole  of  which  are  subject  to  earth' 
quakes,  may  not  experience  alternately  a  cessation  and  rcnew^  ol 
eruptions. 

The  first  line  of  active  vents  which  have  been  seen  in  eruption  in 
the  Andes  extends  from  lat.  43°  28' S.  j  or,  from  Tanlales,  opposiw 
the  isle  of  Chiloe,  to  Coquirabo,  in  lat.  30°  S. ;  to  these  thirteen  fc- 
grees  of  latitude  succeed  more  than  eight  degrees,  in  which  no  recMt 
Tolcanic  eruptions  have  be«n  observed.  We  then  come  to  the  volcan* 
of  Bolivia  and  Peru,  reaching  six  degrees  from  S.  to  N.,  or  from  W- 
SI'S,  to  lat.  15°  S,  Between  the  Peruvian  volcanoa  and  dw* 
of  Quito,  another  sjiace  intervenes  of  no  less  than  fourteen  degree*  *f 
latitude,  said  to  be  free  from  volcanic  action  so  far  as  yet  known.  Tht 
volcanos  of  Quito  then  succeed,  beginning  about  100  gei^raf^w 
miles  south  of  the  equator,  and  continuing  for  about  130  miles  nortk 
of  the  line,  when  there  occurs  another  undisturbed  interval  of  OM* 
than  six  degrees  of  latitude,  after  which  we  arrive  at  the  volcano*  f^ 
Guatemala  or  Central  America,  north  of  the  lithmus  of  Panama.* 

Having  thus  traced  out  the  line  from  south  to  north,  I  may  fin* 
state,  in  regard  to  the  numerous  vents  of  Chih,  tliat  the  volcaoM  ot 
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Yantales  and  Osorno  were  in  eruption  daring  the  great  earthquake 
of  1835,  at  the  same  moment  that  the  land  was  shaken  in  Chiloe,  and 
in.  some  parts  of  the  Chilian  coast  permanently  upheaved ;  whilst  at 
Juan  Fernandez,  at  the  distance  of  no  less  than  720  geographical 
miles  from  Yantales,  an  eruption  took  place  beneath  the  sea.  Some 
of  the  volcanos  of  Chili  are  of  great  height,  as  that  of  Antuco,  in  lat. 
37""  40^  S.,  the  summit  of  which  is  at  least  16,000  feet  above  the  sea. 
From  the  flanks  of  this  volcano,  at  a  great  height,  immense  currents 
of  lava  have  issued,  one  of  which  flowed  in  the  year  1 828.  Tliis  event 
is  said  to  be  an  exception  in  the  general  rule ;  few  volcanos  in  the 
Andes,  and  none  of  those  in  Quito,  having  been  seen  in  modem  times 
to  pour  out  lava,  but  having  merely  ejected  vapour  or  scorise. 

Both  the  basaltic  (or  augitic)  lavas,  and  those  of  the  felspathic 
class,  occur  in  Chili  and  other  parts  of  the  Andes ;  but  the  volcanic 
rocks  of  the  felspathic  family  are  said  by  Yon  Buch  to  be  generally 
not  trachyte,  but  a  rock  which  has  been  called  andesite,  or  a  mixture 
of  augite  and  albite.  The  last-mentioned  mineral  contains  soda  in- 
stead of  the  potash  found  in  common  felspar. 

The  volcano  of  Rancagua,  lat.  34°  15^  S.,  is  said  to  be  always 
throwing  out  ashes  and  vapours  like  Stromboli,  a  proof  of  the  perma- 
nently heated  state  of  certain  parts  of  the  interior  of  the  earth  below. 
A  year  rarely  passes  in  Chili  without  some  slight  shocks  of  earth- 
quakes, and  in  certain  districts  not  a  month.  Those  shocks  which 
come  from  the  side  of  the  ocean  are  the  most  violent,  and  the  same  is 
said  to  be  the  case  in  Peru.  The  town  of  Copiapo  was  laid  waste  by 
this  terrible  scourge  in  the  years  1773,  1796,  and  1819,  or  in  both 
cases  after  regular  intervals  of  twenty-three  years.  There  have, 
however,  been  other  shocks  in  that  country  in  the  periods  intervening 
between  the  dates  above  mentioned,  although  probably  all  less  severe, 
at  least  on  the  exact  site  of  Copiapo.  The  evidence  against  a  regular 
recurrence  of  volcanic  convulsions  at  stated  periods  is  so  strong  as  a 
general  fact,  that  we  must  be  on  our  guard  against  attaching  too 
much  importance  to  a  few  striking  but  probably  accidental  coinci- 
dences. Among  these  last  might  be  adduced  the  case  of  Lima, 
violently  shaken  by  an  earthquake  on  the  17th  of  June,  1578,  and 
again  on  the  very  same  day,  1678  ;  or  the  eruptions  of  Coseguina  in 
the  year  1709  and  1809,  which  are  the  only  two  recorded  of  that 
volcano  previous  to  that  of  1835.* 

Of  the  permanent  upheaval  of  land  after  earthquakes  in  Chili,  I 
shall  have  occasion  to  speak  in  the  next  chapter,  when  it  will  also  be 
seen  that  great  shocks  often  coincide  with  eruptions,  either  submarine, 
or  from  the  cones  of  the  Andes,  showing  the  identity  of  the  force 
which  elevates  continents  with  that  which  causes  volcanic  out- 
burs  ts.f 

The  space  between  Chili  and  Peru,  in  which  no  volcanic  action 
has  been  observed,  is  160  nautical  leagues  from  south  to  north.  It 
is,  however,  as  Von  Buch  observes,  that  part  of  the  Andes  which  is 

•  Darwin,  GeoL  Trans.  2d  series,  vol  v.  p.  612.  t  Ibid.  p.  606. 
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kMtkwwnt  being  thinly  pMpled,  I  la  now  parts  entircl;  deMit 
Tb»  ToleaxM  of  Pera  riae  from  « lottj  phtfoim  to  vnet  heights  ature 
tltalareloftbeM>,&om  17,000  to  80,000  feet  The  kra  nhiehhu 
iMoed  from  Vi^o^  1>L  16°  55'  8^  toeoiDpaiiied  \>y  pumice,  b  « 
poMd  of  ft  mixtan  of  erjttMh  fit  ilbi  l  fdspar,  liorii blende,  and  naa, 
ft  10^  which  Itw  ben  oouidered  i  m  of  tlu  Ttricties  of  andentb^ 
Some  tremendous  eaithqnekM  w  i  hare  vidted  Peru  i 
tioui  will  be  mentioned  in  4  nbiaqi    it  elitpter. 

The  Toloanoi  of  Quito,  oecurring  between  the  second  degnctf  | 
Hoth  ud  the  third  degree  of  north  ititude,  riM  to  vast  elevntioM  t 
■bOTe  the  mi,  buuij  of  them  bang  between  14,0tK)  and  ItH.OOO  f«£  j 
high.  The  Tndift"t  of  linn  hftve  ft  trftdition  tliai  ilie  moutmiit  | 
fl^ad  L'Allftr,  or  Cftpec  UrcD,  wbi  i  meuu  "thi  chier,"  wm  onoe  i 
the  higheet  of  those  near  the  eqastor,  twing  higher  ib.in  Chimboruu: 
bat  in  the  reign  of  Ouiinin  Ab  uUhe,  before  tlie  dincoytrf  of  ^ 
Amariw,  |  prodigou*  emptian  to  ]  Itoe,  which  ]a»icd  eight  jttnm  i 
aadbnAeitdown.     Thef  A  tmdijte,  etys  KL  BouMinpuli. 

which  <Hice  formed  theec  i     nmit  of  thii  celebrated  mountafB,    I 

■re  at  thii  dftjr  ipread  over  i     g      i.*    Cotopazi  is  the  most  htcj-    i 
of  all  the  Sooth  American  to  whieh  haTC  been  in  a  rUte  oT   | 

activity  in  modem  times,  its  h<  nt  l  eing  1S,858  fi^cl ;  and  ii;  rnp- 
tions  have  been  more  frequent  and  destructive  than  those  of  anjothcr 
mountain.  It  is  a  perfect  cone,  usually  covered  with  an  enormou* 
bed  of  snow,  nhtch  has,  however,  been  sometimes  melted  suddo^ 
during  an  eruption  ;  aa  in  January  1603,  for  example^  when  ite 
snows  were  dissolved  in  one  night. 

Deluges  are  often  caused  in  the  Andes  by  the  liquefaction  of  gn*^ 
masses  of  snow,  and  sometimes  by  the  rending  open,  during  etftb- 
quakes,  of  subterranean  cavities  filled  with  water.  In  tbeae  iiO' 
dations  fine  volcanic  sand,  loose  stones,  and  other  materials  which  tha 
water  meets  with  in  its  descent,  are  swept  away,  and  a  vast  qnttt«T 
of  mud,  called  "moya,"  is  thus  formed  and  carried  down  intoll* 
lower  regions.  Mud  derived  from  this  source  descended,  in  lT!ff» 
from  tlie  sides  of  Tunguragua  in  Quito,  and  filled  valleys  a  tbowad 
feet  wide  to  the  depth  of  six  hundred  feet,  damming  up  riven  ■■■ 
causing  lakes.  In  these  currents  and  lakes  of  moya,  thonsuidl  ■ 
small  fish  are  sometimes  enveloped,  wliich,  according  to  HnnhoUb 
have  lived  and  multiplied  in  subterranean  cavities.  So  grot  • 
quantity  of  these  fish  were  ejected  from  the  volcano  of  Imbabun  ia 
1691,  tliat  fevers,  which  prevailed  at  the  period,  were  attribatri** 
the  effluvia  arising  from  the  putrid  animal  matter. 

In  Quito,  many  important  revolutions  in  the  pbyucal  featoiei* 
the  country  are  said  to  have  resulted,  within  the  memory  of  M^ 
from  the  earthquakes  by  which  it  has  been  convulsed.  U.  BoU*>* 
gault  declares  bis  belief,  that  if  a  full  register  bad  been  kept  of  ■" 
the  convulsions  experienced  here  and  in  other  populous  districit ' 
the  Andes,  it  would  be  found  that  the  trembling  of  the  eaith  h* 

■  BulL  (le  1*  Soc.  Gisd.  torn,  vi.  p.  SB. 


.XXII.]  OF  VOLCANIC  BEOIONS.  349 

m  incessant.  The  frequency  of  the  movement,  he  thinks,  is  not 
3  to  volcanic  explosions,  but  to  the  continual  falling  in  of  masses 
rock  which  have  been  fractured  and  upheaved  in  a  solid  form  at  a 
nparativelj  recent  epoch  ;  but  a  longer  series  of  observations  would 
requisite  to  confirm  this  opinion.  According  to  the  same  author, 
)  height  of  several  mountains  of  the  Andes  has  diminished  in  modern 
les.* 

The  great  crest  or  cordillera  of  the  Andes  is  depressed  at  the  Isthmus 
Panama  to  a  height  of  about  1000  feet,  and  at  the  lowest  point  of 
Daration  between  the  two  seas  near  the  gulf  of  San  Miguel,  to  150 
tt.    What  some  geographers  regard  as  a  continuation  of  that  chain 
Central  America  lies  to  the  east  of  a  series  of  volcanos,  many  of 
lich  are  active  in  the  provinces  of  Pasto,  Popayan,  and  Guatemala. 
«eguina,  on  the  south  side  of  the  Gulf  of  Fonseca,  was  in  eruption 
January  1836,  and  some  of  its  ashes  fell  at  Truxillo  on  the  shores 
the  Gulf  of  Mexico.     What  is  still  more  remarkable,  on  the  same 
y,  at  Kingston  in  Jamaica,  the  same  shower  of  ashes  fell,  having 
en  carried  by  an  upper  counter  current  against  the  regular  east  wind 
iich  was  then  blowing.     Kingston  is  about  700  miles  distant  {torn 
»seguina,  and  these  ashes  must  have  been  more  than  four  days  in 
a  air,  having  travelled  170  miles  a  day.   Eight  leagues  to  the  south- 
txd  of  the  crater,  the  ashes  covered  the  ground  to  the  depth  of  three 
rds  and  a  half,  destroying  the  woods  and  dwellings.     Thousands  of  • 
ttle  perished,  their  bodies  being  in  many  instances  one  mass  of 
>rched  flesh«   Deer  and  other  wild  animals  sought  the  towns  for  pro- 
wtion  ;  many  birds  and  quadrupeds  were  found  suffocated  in  the  ashes, 
d  the  neighbouring  streams  were  strewed  with  dead  fish.f     Such 
2t8  throw  light  on  geological  monuments,  for  in  the  ashes  thrown 
t  at  remote  periods  from  the  volcanos  of  Auvergne,  now  extinct, 
^  find  the  bones  and  skeletons  of  lost  species  of  quadrupeds. 
J^exico.i — The  great  volcanic  chain,  after  having  thus  pursued  its 
Urse  for  several  thousand  miles  from  south  to  north,  sends  off  a 
^Dch  in  a  new  direction  in  Mexico,  in  the  parallel  of  the  city  of 
^t  name,  and  is  prolonged  in  a  great  platform,  between  the  eighteenth 
^d  twenty-second  degrees  of  north  latitude.     Five  active  volcanos 
Averse  Mexico  from  west  to  east — Tuxtla,  Orizaba,  Popocatepetl, 
>rullo,  and  Colima.     Jorullo,  which  is  in  the  centre  of  the  great 
^tform,  is  no  less  than  120  miles  from  the  nearest  ocean — an  impor- 
^t  circumstance,  as  showing  that  the  proximity  of  the  sea  is  not  a 
^ssary  condition,  although  certainly  a  very  general  characteristic, 
^  the  position  of  active  volcanos.   The  extraordinary  eruption  of  this 
'ountain,  in  1759,  will  be  described  in  the  sequel.    If  the  line  which 
^^linects  these  five  vents  be  prolonged  in  a  westerly  direction,  it  cuts 
^  volcanic  group  of  islands  called  the  Isles  of  Revillagigedo. 

To  the  north  of  Me;xico  there  are  said  to  be  three,  or  according  to 
oooe,  five  volcanos  in  the  peninsula  of  California ;  and  a  volcano  is 

•  Bull  dc  la  Soc.  Geo!,  de  France,        t  Caldcleugh,    PhiL    Trans.    1836, 
om.  vl  p.  56.  p.  27, 
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nfKvted  to  hATe  iMeo  in  eraption  in  the  N.  W.  ooati  0^ 
tiie  Colombia  river,  kt  45''  d7'N. 

^cHifMKM.— To  return  to  le  Andes  of  Quito  sVmiBiiehiadi 
to  the  beUef,  that  if  we  were  bi  ter  ecqoainted  with  the  regloa  Ik 
^•st  of  the  Madrifin>|  and  widi  New  Granada  and  the  Cameea% 
might  And  the  Tobsanie  chain  of  the  Aadea  to  be  connected  with  I 
of  the  west.Indian,  or  Caribbee  Xslandfl.  The  troth  of  this  ooq{«ri 
has  almost  been  set  at  rest  by  the  emptton,  in  IMS,  of  tlie  vsh 
of  ZambainNew  6     ada,  at   le  month  of  the  river  Ifadakna.*' 

Of  the  West  Indian  » t  ere  are  two  parallel  series,  the  «■ 

tiie  westi  which  are  au  v  ic^  and  which  rise  to  the  beighl 
several  thousand  feet;  ou  rs  to  the  esst^  for  the  most  pari sj 
posed  of  calcsreoos  ro  »  ana  very  low.  Li  the  former  or  vota 
series,  are  Granada,  ^inceni^  St  Lnda,  Martiniqae^  JhuM 
Gnadalonpe,  Hontserrat^  Nevis,  and  St  Enstace.  In  the  calflsni 
chain  are  Tobago,  Bsrbsdoes,  MsriegaUante,  Grandeterre,  Dssks 
Antigua, Barbnds,  St  Bartholomew,  and  St.  Martin.  The  moste 
siderable  eruptions  in  modem  times  have  been  those  of  St.  Viasi 
Great  earthquakes  have  agitated  St  Domingo^  as  will  be  seen  in  ( 
twentjr-ninth  chapter. 

.  I  have  before  mentioned  (p.  270.)  the  violent  earthquske  whid 
1812  convulsed  the  valley  of  the  Mississippi  at  New  iladrid,  fori 
space  of  300  miles  in  length,  of  which  more  will  be  said  in  the  twes 
seventh  chapter.  This  happened  exactly  at  the  same  time  as  the  gr 
earthquake  of  Caraccas,  so  that  it  is  possible  that  these  two  points  i 
parts  of  one  subterranean  volcanic  region.  The  island  of  Jamti 
with  a  tract  of  the  contiguous  sea,  has  often  experienced  tremeadi 
shocks ;  and  these  are  frequent  along  a  line  extending  from  Jama 
to  St.  Domingo  and  Porto  Rico. 

Thus  it  will  be  seen  that,  without  taking  account  of  the  W 
Indian  and  Mexican  branches,  a  linear  train  of  volcanos  and  tra 
shaken  bj  earthquakes  may  be  traced  from  the  island  of  Chiloe  i 
opposite  coast  to  Mexico,  or  even  perhaps  to  the  mouth  of  the  ( 
lumbia  river — a  distance  upon  the  whole  as  great  as  from  the  p 
to  the  equator.  In  regard  to  the  western  limits  of  the  region,  tk 
lie  deep  beneath  the  waves  of  the  Pacific,  and  must  continue  unknon 
to  us.  On  the  east  they  are  not  prolonged,  except  where  thej  ioeh 
the  West  Indian  Islands,  to  a  great  distance  ;  for  there  seem  to  be 
indications  of  volcanic  disturbances  in  Buenos  Ayres,  Brazil,  and  t 
United  States  of  North  America. 

Volcanic  region  from  the  Aleutian  Isles  to  the  Moluccas  amih 
of  Sunda.  —  On  a  scale,  which  equals,  or  surpasses,  that  of  t 
Andes,  is  another  line  of  volcanic  action,  which  commences,  oo  t 
north,  with  the  Aleutian  Isles  in  Russian  America,  and  ezteiid8»  ft 
in  a  westerly  direction  for  nearly  200  geographical  miles^  and  tb 
southwards,  with  few  interruptions,  throughout  a  space  of  betwe 
sixty  and  seventy  degrees  of  latitude  to  the  Moluccas,  where  it  Ml 

•  Comptcs  Kcndus,  1849,  toL  xxix.  p.  531. 
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off  ft  branch  to  the  sonth-e&st,  while  the  principal  train 
vwterly  through  Sumbawa  and  Jara  to  Sumatra,  and  then  in  a  nort^ 
waiterljr  direction  to  the  Bay  of  Bengal.*  This  volcanic  line, 
Von  Buch,  maj  be  eaid  to  follow  throughout  ita  course  the 
border  of  the  continent  of  Asia ;  while  the  branch  which  I 
•Haded  to  as  striking  south-east  from  the  Moluccas,  passes  firom  Km 
Oninea  to  New  Zealand,  conforming,  thongh  somewhat  ruddj,  to  fl 
ontline  of  AuBtralia-f 

The  connexion,  howoTer,  of  the  New  Guinea  Tolcanos  with  the  Ui 
in  Java  (as  laid  down  in  Von  Buch's  map)  is  not  clearly  made  toL 
Bjr  coDsnlting  Darwin's  map  of  coral  reefs  and  active  volcanoa^  tfcl 
reader  will  see  that  we  might  almost  with  equal  propriety  indadi 
the  Mariana  and  Bonin  Tolcanos  in  a  band  with  New  Guinea.  Ottf 
we  allow  so  much  latitude  in  framing  zones  of  volcanic  action,  m 
mast  also  suppose  the  New  Hebrides,  Salomon  Isles,  and  New  Irdanl 
to  constitute  one  line  (see  map,  fig.  39.  jt.  S61.). 

The  northern  extremity  of  the  volcanic  region  of  Aria,  as 
by  Von  Buch,  is  on  the  borders  of  Cook's  Inlet,  north-«aat  <C  Ai 
Peninsula  of  Alaska,  where  one  volcano,  in  about  the  sixtieth  dipM 
of  laUtude,  is  said  to  he  14,000  feet  high.  In  Ahuka  itself 
of  vast  height,  which  have  been  seen  in  eruption,  and  which  Irt 
covered  for  two  thirds  of  their  height  donnwards  with  perpetnsl 
snow.  The  summit  of  the  loftiest  peak  is  truncated,  and  is  said  n  j 
have  fallen  in  during  an  eruption  in  1786.  From  Alaska  the  line  il 
continued  through  the  Aleutian  or  Fox  Islands  to  Eamtschatka.  Is  1 
the  Aieutian  Archipelago  eruptions  are  frequent,  and  abost  tiun* 
miles  to  the  north  of  Unalaska,  near  the  Isle  of  Uronack,  a  newislaoa 
was  formed  in  1796.  It  was  first  observed  after  a  storm,  at  a  poitt 
in  the  sea  from  which  a  column  of  smoke  had  been  seen  to  lit- 
Flames  then  issued  from  the  new  islet  which  illuminated  the  eonntiT 
for  ten  miles  round ;  a  frightful  earthquake  shook  the  new-fotaed 
cone,  and  showers  of  stones  were  thrown  as  far  as  Umnack.  T^ 
eruption  continued  for  several  months,  and  eight  years  afterward^ii 
1804,  when  it  was  explored  by  some  hunters,  the  soil  was  so  hoi  !■ 
some  places  that  they  could  not  walk  on  it.  According  to  Langsdotf 
and  others,  this  new  island,  which  is  now  several  thousand  feet  hig^ 
and  two  or  three  miles  in  circumference,  has  been  continnally  tuai 
to  have  increased  in  size  when  successively  visited  by  i^SOttt 
travellers ;  but  we  have  no  accurate  means  of  determining  how  nach 
of  its  growth,  if  any,  has  been  due  to  upheaval,  or  how  &f  il  ba 
been  exclusively  formed  by  the  ejection  of  ashes  and  streams  of  li*^ 
It  seems,  however,  to  be  well  attested  that  earthquakes  of  the  wb* 
terrific  description  agitate  and  alter  the  bed  of  the  sea  and  turiaee<' 
the  land  throughout  this  tract 

■  Sec  map  of  Tulcanic  lines  in  Von    Coral  Itc«&,  ftc,  Londcai,  IMl    b^ 

Bnch's  work  on  the  Cui&riM.  subjoined  map,  flg.  3S.,  I  ban  MT* 

t  Von  Hnch,  ibM.  p.  409.  irith  permiiikMi  a  ansll  f  «t  of  lbs  *i^ 

X  Itanrin,  Stnctun  and  Distriln  of   sUe  m^  a  .... 
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The  line  is  continued  in  the  southern  extremity  of  the  Peninsula 
of  Kamtschatka,  where  there  are  many  active  Tolcanos,  which,  in 
some  eruptions,  have  scattered  ashes  to  immense  distances.     The 
largest  and  most  active  of  these  is  Elutschew,  lat.  56°  3'  N.,  which 
rises  at  once  from  the  sea  to  the  prodigious  height  of  15,000  feet. 
Within  700  feet  of  the  summit,  Erman  saw,  in  1829,  a  current  of 
lava,  emitting  a  vivid  light,  flow  down  the  north-west  side  to  the  foot 
of  the  cone.    A  flow  of  lava  from  the  summit  of  Mont  Blanc  to  its 
base  in  the  valley  of  Chamouni  would  afford  but  an  inadequate  idea 
of  the  declivity  down  which  this  current  descended.    Large  quantities 
of  ice  and  snow  opposed  for  a  time  a  barrier  to  the  lava,  until  at 
length  the  fiery  torrent  overcame,  by  its  heat  and  pressure,  this 
obstacle,  and  poured  down  the  mountain  side  with  a  frightful  noise, 
which  was  heard  for  a  distance  of  more  than  fifty  miles.* 

The  Kurile  chain  of  islands  constitutes  the  prolongation  of  the 
Kamtschatka  range,  where  a  train  of  volcanic  mountains,  nine  of 
which  are  known  to  have  been  in  eruption,  trends  in  a  southerly 
direction.  The  line  is  then  continued  to  the  south-west  in  the  great 
island  of  Jesso,  and  again  in  Nipon,  the  principal  of  the  Japanese 
group.  It  then  extends  by  Loo  Choo  and  Formosa  to  the  Philippine 
Islands,  and  thence  by  Sangir  and  the  north-eastern  extremity  of 
Celebes  to  the  Moluccas  (see  map,  fig,  39.).  Afterwards  it  passes 
westward  through  Sumbawa  to  Java. 

There  are  said  to  be  thirty-eight  considerable  volcanos  in  Java, 
some  of  which  are  more  than  10,000  feet  high.  They  are  remarkable 
for  the  quantity  of  sulphur  and  sulphurex)us  vapours  which  they  dis- 
charge. They  rarely  emit  lava,  but  rivers  of  mud  issue  from  them, 
like  the  moya  of  the  Andes  of  Quito.  The  memorable  eruption  oi 
Galongoon,  in  1822,  will  be  described  in  the  twenty-fifth  chapter. 
The  crater  of  Taschem,  at  the  eastern  extremity  of  Java,  contains  a 
lake  strongly  impregnated  with  sulphuric  acid,  a  quarter  of  a  mile 
long,  from  which  a  river  of  acid  water  issues,  which  supports  no 
living  creature,  nor  can  fish  live  in  the  sea  near  its  confiuence.  There 
is  an  extinct  crater  near  Batur,  called  Guevo  Upas,  or  the  Valley  of 
Poison,  about  half  a  mile  in  circumference,  which  is  justly  an  object 
of  terror  to  the  inhabitants  of  the  country.  Every  living  being 
which  penetrates  into  this  valley  falls  down  dead,  and  the  soil  is 
oovered  with  the  carcasses  of  tigers,  deer,  birds,  and  even  the  bones 
of  men  ;  all  killed  by  the  abundant  emanations  of  carbonic  acid  gas, 
by  which  the  bottom  of  the  valley  is  filled. 

In  another  crater  in  this  land  of  wonders,  near  the  volcano  of 
Talaga  Bodas,  we  learn  from  Mr.  Reinwardt,  that  the  sulphureous 
exhalations  have  killed  tigers,  birds,  and  innumerable  insects ;  and  the 
soft  parts  of  these  animals,  such  as  the  fibres,  muscles,  nails,  hair,  and 
skin,  are  very  well  preserved,  while  the  bones  are  corroded,  and 
entirely  destroyed. 

^  Von  Bach,  Descrip.  des  lies  Canar.  p.  450.,  who  cites  Ermau  and  others. 

A  A 
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We  learn  from  obEeTvatioDS  made  in  1844,  by  Mr.  Jokes,  tHuia 
recent  tertiary  formation  composed  of  limestone  and  resembling  ibt 
corul  rock  of  a  fringing  reef,  clings  to  tiie  flanka  of  nil  the  vol* 
canic  islands  from  the  east  end  of  Timor  to  the  west  end  of  Jin. 
Theae  modern  cfllcareous  strata  are  often  while  and  chalk-lik« 
sometimes  lOOO  feet  and  upwards  ubore  the  sen,  rt^gularly  stratified 
in  thick  horizontal  beds,  and  they  show  thut  there  has  been  a  geneni 
elevation  of  these  islands  at  a  comparatively  modern  period.* 

The  same  linear  arrangement  which  is  observed  in  Java  fa 
good  in  the  volcanos  of  Sumatra,  some  of  which  are  of  great  hetgb^ 
ns  Berapi,  which  is  more  than  12,000  feet  above  the  sea,  and  Ji 
continually  smoking.  Hot  springs  are  abundant  at  its  base, 
volcanic  line  then  inclines  slightly  to  the  north-wut,  and  pMoU  M 
Barren  Island,  lal.  12°  IS'  N.,  in  the  Bay  of  Bengal.  Ttiid  votcaM 
was  in  eruption  in  1792,  and  will  be  described  in  tho  twenty-nxtk 
chapter.  The  volcanic  train  then  extends,  according  to  Dr.  J* 
clelland,  to  the  island  of  Narcondam,  lat.  13"  22'  N.,  whicb  isfti 
seven  or  eight  hundred  feet  high,  rising  from  deep  water,  and  miita 
present  signs  of  iava  currents  descending  from  the  crater  to  the  b 
Afterwards  the  train  strctchei  in  the  same  direction  to  the  Tola 
islund  of  Ramree,  about  lal.  19°  N.,  and  the  adjoining  island  cf 
Cheduha,  which  is  represented  in  old  charts  as  a  burning  mountaiii. 
Thus  we  arrive  at  the  Chittagong  coast,  ivbich  in  1762  was  conralted 
by  a  tremendous  earthquake  (see  chap.  29.).t 

To  enumerate  all  the  volcanic  regions  of  tlie  Indian  and  Ficiit 
oceans  would  lead  me  far  beyond  the  proper  limits  of  this  tmtiwi 
but  it  will  appear  in  the  last  chapter  of  this  volume,  when  coral  n 
arc  treated  of,  that  the  islands  of  the  Fucific  consist  altemaldy 
of  linear  groups  of  two  classes,  the  one  lofty,  and  containing  activ* 
volcanos,  and  marine  strata  above  the  sea-level,  and  whicb  faan 
been  undergoing  upheaval  in  modern  times ;  the  other  very  low,  con- 
sisting of  reefs  of  coral,  usually  with  lagoons  in  their  centres,  a 
whicb  there  is  evidence  of  a  gradual  subsidence  of  the  ground,  tit 
eiitenl  and  direction  of  these  parallel  volcanic  bands  has  been  dcpetc4 
with  great  care  by  Darwin  in  his  map  before  cited  (p.  351.) 

The  most  remarkable  theatre  of  vulcanic  activity  in  tlie  Nortbrai 
Pacific  —  or,  perhaps,  in  the  whole  world  —  occurs  in  the  Sandwich 
islands,  which  have  been  admirably  treated  of  in  a  recent  woi^  bf 
Mr.  Dana.( 

Volcanic  region  from  central  Asia  to  the  Azom, — Anotlier|7^ 
region  Qf  subterranean  ilisturbance  is  that  whicb  has  be«o  imip"^ 
to  extend  through  a  large  part  of  Central  Asia  to  the  Axorea,  lluf  i* 
to  say,  from  China  and  Tartary  through  Lake  Aral  and  Uie  Cwpitf 
to  the  Caucasus,  and  the  countries  bordering  the  Black  Sca>  tl 
i^ain  through  part  of  Asia  Minor  to  Syria,  and  weMwant  to  <!• 

•  Paper    rcii.1    a!    infitiiig   of    1 
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recian  islands,  Grreece,  Naples,  Sicily,  the  southern  part  of  Spain, 
Mrtagal,  and  the  Azores.  Kespecting  the  eastern  extremity  of  this 
le  in  China,  we  have  little  information,  but  many  violent  earth- 
lakes  are  known  to  have  occurred  there.  The  vqfeano  said  to  have 
en  in  eruption  in  the  seventh  century  in  Central  Tartary  is  situated 

the  northern  declivity  of  the  Celestial  Mountains,  not  far  distant 
)m  the  large  lake  called  Issikoul ;  and  Humboldt  mentions  other 
nt^  and  solfataras  in  the  same  quarter,  which  are  all  worthy  of 
itice,  as  being  far  more  distant  from  the  ocean  (260  geographical 
lies)  than  any  other  known  points  of  eruption. 
We  find  on  the  western  shores  of  the  Caspian,  in  the  country 
und  Baku,  a  tract  called  the  Field  of  Fire,  which  continually  emits 
flammable  gas,  while  springs  of  naphtha  and  petroleum  occur  in  the 
me  vicinity,  as  also  mud  volcanos.  Syria  and  Palestine  abound  in 
ilcanic  appearances,  and  very  extensive  areas  have  been  shaken, 

different  periods,  with  great  destruction  of  cities  and  loss  of  lives. 
Dntinual  mention  is  made  in  history  of  the  ravages  committed  by 
irthquakes  in  Sidon,  Tyre,  Berytus,  Laodicea,  and  Antioch,  and  in 
le  Island  of  Cyprus.  The  country  around  the  Dead  Sea  appears 
ridently,  from  the  accounts  of  modern  travellers,  to  be  volcanic. 
.  district  near  Smyrna,  in  Asia  Minor,  was  termed  by  the  Greeks 
atacecaumene,  or  "  the  burnt  up,"  where  there  is  a  large  arid  ter- 
tory,  without  trees,  and  with  a  tindery  soil.*  This  country  was 
[sited  in  1841  by  Mr.  W.  J.  Hamilton,  who  found  in  the  valley  of 
le  Hermus  perfect  cones  of  scoriae,  with  lava-streams,  like  those  of 
kuvergne,  conforming  to  the  existing  river-channels,  and  with  their 
irface  undecomposed.  f 

Grecian  Archipelago, — Proceeding    westwards,    we    reach    the- 
rrecian  Archipelago,  where  Santorin,  afterwards  to  be  described,  is 
le  grand  centre  of  volcanic  action. 

It  was  Von  Buch's  opinion  that  the  volcanos  of  Greece  were 
rranged  in  a  line  running  N.  N.  W.  and  S.  S.  E.,  and  that  they 
flTorded  the  only  example  in  Europe  of  active  volcanos  having  a 
near  direction ;  but  M.  Yirlet,  on  the  contrary,  announces  as  the 
esult  of  his  investigations,  made  during  the  French  expedition  to  the 
iorea  in  1829,  that  there  is  no  one  determinate  line  of  direction  for 
lie  volcanic  phenomena  in  Greece,  whether  we  follow  the  points 
f  eruptions,  or  the  earthquakes,  or  any  other  signs  of  igneous 
gency.J 

Macedonia,  Thrace,  and  Epirus,  have  always  been  subject  to  earth- 
[nakes,  and  the  Ionian  Isles  are  continually  convulsed. 

Respecting  Southern  Italy,  Sicily,  and  the  Li  pari  Isles,  it  is 
innecessary  to  enlarge  here,  as  I  shall  have  occasion  again  to  allude 
o  them.  I  may  mention,  however,  that  a  band  of  volcanic  action 
laa  been  traced  by  Dr.  Daubeny  across  the  Italian  Peninsula,  from 

*  Strabo,  ed.  FaL,  p  900.  t  Virlet,  Bulletin  de  la  Soc.  GeoL  de 

t  Besearches  in  Aoa  Minor,  yoL  il    France,  torn.  ill.  p.  109. 
c39. 
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iMhU  to  HSowat  Ynltnr,  in  Apulia,  the  eomawnaaineiit  of 

bdng  fonnd  in  the  hot  springs  of  Isobia,  iftor  wldeh  it  ia 

thiongh  VflBnTiBi  to  the  Lago  d'AnMUto^  where  gases 

thow  of  VeiariDVfpn  erolved.    Its  farther  extenaiun  strikat         _ 

Tnltnr,  a  loftj  cone  composed  of  taff  and  lava,  truni  uue  side  il 

irhich  carbonic  add  and  snlphnretted  hydrogen  are  tuiUted.* 

TradiHoiu  of  idnga.  —  The  traditions  which  have  come  dowe  It 
ni  from  remote  agea  at  gnat  inosdaticMU  aud  to  have  luitpcnol  ia 
Qreeoe  and  on  the  confines  of  the  Grecian  aetllemflnta,  had  doubtloa 
their  origin  in  a  series  of  local  catantrophea,  canaed  principalty  bf 
eartbqnakeo.  The  freqnent  migralioas  of  the  earlier  inlmliitants  uj 
the  total  want  of  written  annalalong  after  thflfiratseutemunt  of  tack 
oonotrj,  make  it  impossible  for  ni  atthis  distanoaof  tiuii?  to  fix  dtbrr 
the  tme  localities  »  probable  dates  of  tiiese  events.  The  tir*t  pbil>- 
Bi^thieal  writers  ot  Greece  were,  thsrefore,  as  mneh  at  u  Inu  u  rar- 
selvee  to  oflbr  a  reaaooable  coqjectnre  on  these  pi^ts,  or  to  d^oide  h«« 
manj  oatastrophes  might  aometimea  JiaTe  become  confuuDd<^  in  «« 
tal^  ot  how  mnch  this  tale  maj  have  been  amplified,  in  after  tin^ 
or  obeenred  \>j  mjthoh^ical  fiction.  The  floods  of  Ogjge*  sal 
Deuoation  are  commonlj  said  to  hare  happened  before  the  Traja 
war;  that  of  Ogyges  more  than  seventeen,  and  that  uf  DeuntliDa 
more  than  fifteen  centariea  before  our  era.  As  to  tht  Og^-giun  flooi 
it  is  generally  described  as  having  laid  waste  Attica,  nnd  wa»  rpfemd 
by  some  writers  to  a  great  overflowing  of  rivers,  to  which  caii»  Arw- 
totle  also  attributed  the  deluge  of  Deucalion,  which,  }io  snys,  aSeeUd 
Hellas  only,  or  the  central  part  of  Theasaly.  Others  imngineil  Uis 
eame  event  to  have  been  due  to  Bn  earthquake,  which  drew  down 
masses  of  rock,  and  stopped  up  the  course  of  the  Peneus  in  tbt 
narrow  defile  between  mounts  Ossa  and  Olympus. 

As  to  the  deluge  of  Samothracp,  which  is  generally  referred  tea 
distinct  date,  it  appears  tliat  the  shores  of  that  small  island  and  ths 
adjoining  mainland  of  Asia  were  inundated  by  the  sea.  Diodons 
SiculuB  says  that  the  inhabitants  had  time  to  take  refuge  in  tbs 
mountains,  and  save  themselves  by  flight;  be  also  relate^  thai 
long  after  the  event  the  fishermen  of  the  island  drew  tip  in  thair 
nets  the  capitals  of  columns,  "  which  were  the  remaina  of  eilias 
submerged  by  that  tcrrihle  catastrophe."  f  These  statements  acaiealf 
leave  any  doubt  that  there  occurred,  at  the  period  alluded  ts^  s 
subsidence  of  the  coast,  accompanied  by  earthquakes  and  inroads  e( 
the  sea.  It  is  not  impossible  that  the  story  of  the  bursting  sf  tks 
Black  Sea  through  the  Thracian  Bosphorus  into  the  0 resits 
Archipelago,  which  accompanied,  and,  as  some  say,  canaed  ths 
Samothrocian  deluge,  may  have  reference  to  a  wave  or  soeeassisa 
of  waves,  raised  in  the  Eusine  by  the  same  convulsion. 

We  know  that  subterranean  movements  and  volcanic  empticM  an 

•  l)auU-n;  mi  Mount  Valior.  Alb-  M.  Virkt,  BaDetio  da  la  Soe.  GM.  * 
motean  Mtimwra.    Oxfard,  1835.  l-'rance,  tooL  iL  |b  Ml, 
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often  attended  not  only  by  incursions  of  the  sea,  but  also  by  violent 
rains,  and  the  complete  derangement  of  the  river  drainage  of  the 
inland  country,  and  by  the  damming  up  of  the  outlets  of  lakes  by 
landslips,  or  obstructions  in  the  courses  of  subterranean  rivers,  such 
as  abound  in  Thessaly  and  the  Morea.  We  need  not  therefore  be 
surprised  at  the  variety  of  causes  assigned  for  the  traditional  floods  of 
Greece,  by  Herodotus,  Aristotle,  Diodorus,  Strabo,  and  others.  As 
to  the  area  embraced,  had  all  the  Grecian  deluges  occurred  simul- 
taneously, instead  of  being  spread  over  many  centuries,  and  had 
theyy  instead  of  being  extremely  local,  reached  at  once  from  the 
Enxine  to  the  south-western  limit  of  the  Peloponnese,  and  froQi 
^  Ifacedonia  to  Rhodes,  the  devastation  would  still  have  been  more 
limited  than  that  which  visited  Chili  in  1835,  when  a  volcanic 
emption  broke  out  in  the  Andes,  opposite  Chiloe,  and  another  at 
Joan  Fernandez,  distant  720  geographical  miles,  at  the  same  time 
that  several  lofty  cones,  in  the  Cordillera,  400  miles  to  the  eastward 
of  that  island,  threw  out  vapour  and  ignited  matter.  Throughout  a 
great  part  of  the  space  thus  recently  shaken  in  South  America, 
cities  were  laid  in  ruins,  or  the  land  was  permanently  upheaved,  or 
iBoantainous  waves  rolled  inland  from  the  Pacific. 

Periodical  alternation  of  Earthquakes  in  Syria  and  Southern 
Italy. — It  has  been  remarked  by  Yon  Hoff,  that  from  the  commence- 
ment of  the  thirteenth  to  the  latter  half  of  the  seventeenth  century, 
there  was  an  almost  entire  cessation  of  earthquakes  in  Syria  and 
Judea;  and,  during  this  interval  of  quiescence,  the  Archipelago, 
together  with  part  of  the  adjacent  coast  of  Lesser  Asia,  as  also 
Soathem  Italy  and  Sicily,  suffered  greatly  from  earthquakes ;  while 
Tolcanic  eruptions  were  unusually  frequent  in  the  same  regions.  A 
more  extended  comparison,  also,  of  the  history  of  the  subterranean 
convulsions  of  these  tracts  seems  to  confirm  the  opinion,  that  a 
violent  crisis  of  commotion  never  visits  both  at  the  same  time.  It  is 
impossible  for  us  to  declare,  as  yet,  whether  this  phenomenon  is 
constant  in  this  and  other  regions,  because  we  can  rarely  trace  back 
a  connected  series  of  events  farther  than  a  few  centuries ;  but  it  is 
well  known  that,  where  numerous  vents  are  clustered  together  within 
a  small  area,  as  in  many  archipelagos  for  instance,  two  of  them  are 
never  in  violent  eruption  at  once.  If  the  action  of  one  becomes  very 
great  for  a  century  or  more,  the  others  assume  the  appearance  of  spent 
Tolcanos.  It  is,  therefore,  not  improbable  that  separate  provinces  of 
the  same  great  range  of  volcanic  fires  may  hold  a  relation  to  one 
deep-seated  focus,  analogous  to  that  which  the  apertures  of  a  small 
groap  bear  to  some  more  superficial  rent  or  cavity.  Thus,  for 
example,  we  may  conjecture  that,  at  a  comparatively  small  distance 
from  the  surface,  Ischia  and  Vesuvius  mutually  communicate  with 
certun  fissures,  and  that  each  affords  relief  alternately  to  elastic 
fluids  and  lava  there  generated.  So  we  may  suppose  Southern  Italy 
and  Syria  to  be  connected,  at  a  much  greater  depth,  with  a  lower 
part  of  the  very  same  system  of  fissures ;  in  which  case  any  obstruc- 
tion occurring  in  one  duct  may  have  the  effect  of  causing  almost 

A  A  s 
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Eill  tbe  vapour  &n<l  melted  matter  to  be  forced  up  the  otlxir,  nl 
if  tbe^  cannot  get  vent,  tbey  may  be  the  unuse  of  violent  bii6> 
quakes.  Some  objections  advanced  againat  ttiis  doctrioe  that  "ivk- 
cunos  act  OS  safely- valves,"  vill  be  considered  in  the  srqneL* 

The  Dorth-eostern  portioa  of  Africa,  including  Egypt,  which  liM 
aix  or  geveu  degrees  south  of  the  volcanic  line  already  traced,  bi 
been  aliDost  always  exempt  from  earthquakee ;  but  the  north-wctttn 
porlion,  especially  Fez  and  Morocco,  which  fall  withiu  ilt«  lixfc 
suffer  greatly  from  time  to  time.  The  southern  part  of  Spun 
auii  Portugal,  have  generally  been  exposed  to  (lio  s&ma  sec 
simultaneously  with  Northern  Africa.  The  provinces  of  Mi 
llurcia,  and  Granadn,  and  in  Portugal  the  country  round  lii 
are  recorded  at  several  periods  to  have  b«^n  devastated  by  fftA 
earthquakes.  It  will  be  seen,  from  Michell'a  account  of  the  gmt 
Lisbon  shock  in  1756,  that  the  lirst  movement  proceeded  fVuBlto 
bed  of  the  ocean  ten  or  fifteen  leagues  from  Ihe  coast.  So  late  ■ 
Ffibruary  2,  1816,  when  Lisbon  was  vehemenily  Bhakcn,  two  d>f> 
felt  a  shock  in  the  ocean  west  from  Lisbon  ;  one  of  ihem  at  lit 
distance  of  120,  and  the  other  2G2  French  leagues  from  tlu!  eouit 
—  a  fact  which  is  more  interesting,  because  a  line  drawn  ihroiiKhthi 
Grecian  Archipelago,  the  volcanic  region  of  Southern  Italy,  &dlj. 
.Southern  Spain,  and  Portugal,  will,  if  prolonged  westward  through 
the  ocean,  strike  the  volcanic  group  of  the  Azores,  which  mij 
possibly  therefore  have  a  Gubmarine  connection  with  tbe  Eun^«u 
line. 

In  regard  to  tbe  volcanic  system  of  Southern  Europe,  it  ni 
observed,  tliat  there  is  a  central  tract  where  the  greatest  eartbqoakn 
prevail,  in  which  rocks  are  shattered,  mountains  rent,  the  si 
elevated  or  depressed,  and  cities  laid  in  ruins.  On  each  side  of  thil 
line  of  greatest  commotion  there  are  parallel  bands  of  country  when 
the  shocks  arc  leas  violent.  At  a  still  greater  distance  (as  in  N<«tb- 
ern  Italy,  for  example,  extending  to  the  foot  of  tbe  Alp«), 
are  spaces  where  the  shocks  are  much  rarer  and  more  fe«ble,  yetpoc 
wbly  of  Buflicient  force  to  cause,  by  continued  repetition,  somei,. 
ciable  alteration  in  the  external  form  of  the  earth's  crust.  Bejm 
these  limits,  again,  all  countries  are  liable  lo  sliglit  tremors,  at  i 
iniervals  of  time,  when  some  great  crisis  of  subterranean  moveioeBl 
agitates  an  adjoining  volcanic  region;  but  these  may  be  considendM 
merevibrationSipropagatedmecbanically  through  the  external  coveiiBg 
of  the  globe,  as  sounds  travel  almost  to  indelinitedistano^s  throng  1^ 
air.  Shocks  of  this  kind  have  been  felt  iu  England,  Scotland,  Ntath- 
ern  France,  and  Germany  —  particularly  during  the  Lisbon  ««lb* 
quake.  Hut  these  countries  cannot,  on  this  account,  be  euj^ 
constitute  parts  of  the  southern  volcanic  region,  any  more  tbui  IM 
Shetland  and  Orkney  islands  can  he  considered  as  belonging  to  tba 
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Icelandic  circle,  because  the  sands  ejected  from  Heda  have  been 
wafted  thither  hj  the  winds. 

Besides  the  continuous  spaces  of  subterranean  disturbance,  of 
which  we  have  merely  sketched  the  outline,  there  are  other  dis- 
connected volcanic  groups,  of  which  several  will  be  mentioned 
hereafter. 

Lines  of  active  and  extinct  Volcanos  not  to  be  confounded.  —  We 
mast  always  be  careful  to  distinguish  between  lines  of  extinct  and 
active  volcanos,  even  where  they  appear  to  run  in  the  same  direction ; 
for  ancient  and  modern  systems  may  interfere  with  each  other. 
Already,  indeed,  we  have  proof  that  this  is  the  case ;  so  that  it  is  not 
by  geographical  position,  but  by  reference  to  the  species  of  organic 
beings  alone,  whether  aquatic  or  terrestrial,  whose  remains  occur  in 
beds  interstratified  with  lavas,  that  we  can  clearly  distinguish  the 
relative  age  of  volcanos  of  which  no  eruptions  are  recorded.  Had 
Southern  Italy  been  known  to  civilized  nations  for  as  short  a  period 
as  America,  we  should  have  had  no  record  of  eruptions  in  Ischia ; 
yet  we  might  have  assured  ourselves  that  the  lavas  of  that  isle  had 
flowed  since  the  Mediterranean  was  inhabited  by  the  species  of  testacea 
now  living  in  the  Neapolitan  seas.  With  this  assiurance,  it  would  not 
have  been  rash  to  include  the  numerous  vents  of  that  island  in  the 
modem  volcanic  group  of  Campania. 

On  similar  grounds  we  may  infer,  without  much  hesitation,  that  the 
eruptions  of  Etna,  and  the  modern  earthquakes  of  Calabria,  are  a  con- 
tinuation of  that  action  which,  at  a  somewhat  earlier  period,  produced 
the  submarine  lavas  of  the  Yal  di  Noto  in  Sicily.  But  on  the  other 
hand,  the  lavas  of  the  Euganean  hills  and  the  Yicentin,  although  not 
wholly  beyond  the  range  of  earthquakes  in  Northern  Italy,  must  not 
be  confounded  with  any  existing  volcanic  system ;  for  when  they 
flowed,  the  seas  were  inhabited  by  animals  almost  all  of  them  distinct 
from  those  now  known  to  live,  whether  in  the  Mediterranean  or  other 
parts  of  the  globe. 


I 


CHAPTER  XXni. 

VOI.CAKIC  DISTKICT  OF  HAFLES. 

HiMai7  of  the  Tokuiio  eniplknu  in  tbt  diitrfct  mnnd  Naples — Eiaiy  tt 
ill  (he  iitland  of  bchia  —  Numeroai  roar*  Uiromi  np  llusre  —  Ijikt  Atwhiu— ^ . 
ThuSoUkliuu  — Renewal  of  the  ernptioDS  of  Vcaaviui,  A.U.  7i.—'P)jnfiiiittztf 
lioa  of  ibc  pbL-Domuna — Ills  silfnce  rci])«ctiiig  the  dcatruciiou  of  UeroiiiuMBKM 
and  Pomjjcii — Salueqncnt  hiilorj'  of  Vmuvias — Lara  dL-idiarged  in  Iiebit  i^ 
laOa — Fanse  in  Ihe  ornptioiis  of  Veauviiu" —  Muole  Noovo  Ibroim  up — UaS— | 
fbrttiit]'  of  tbe  volouitc  operations  of  VcsaTiua  aad  Phlifgnean  FIbIJi  in  ma^' 
anil  iu<Hleni  dues.  ' 


1  SHALL  not  give  a  sketch  of  the  history  of  some  of  tlie 
vents  dispersed  tbroughoat  the  great  regions  before  described,  »<•  | 
consider  the  composition  and  arrangement  of  their  Uras  and  (jfCM^  I 
matter.     The  only  volcanic  region  known  to  the  ancients  was  tlut^l 
iha  Mediterranean  ;  and  even  of  thia  they  have  transmitted  U>  o* 
very  imperfect  reeorda  relitcing  to  llie  eruptions  of  the  three  prinwpaJ 
districts,  namely,  that  round  Naples,  that  of  Sicily  and  its  isle^  •!>*) 
that  of  the  Grecian  Archipelago.     By  far  the  most  connected  kH^ 
of  records  throughout  a  long  period  relates  to  the  lirst  of  these  prO' 
vincM ;  and  these  cannot  be  too  attentively  considered,  as  moch  bi^ 
torical  information  is  indispensable  in  order  to  enable  us  to  obtsia  • 
clear  view  of  the  connection  and  alternate  mode  of  action  of  the  &' 
ferent  vents  in  a  single  volcanic  group. 

Early  conruUioni  in  the  hland  of  Itehia.  —  The  NenpoUUD  vol' 
canos  extend  from  Vesuvius,  through  the  Phlegrsean  Fields,  to  1^ 
cida  and  Ischia,  in  a  somewhat  linear  arrangement,  ranging  from  tk( 
north>eaBt  to  the  south-west,  as  will  be  seen  in  the  annexed  wxf  M 
the  volcanic  dielrict  of  Naples  (fig.  40.).  Within  the  space  abn« 
Iimitc<^  the  volcanic  force  is  sometimes  developed  in  single  cmptioBi 
from  a  considerable  number  of  irregularly  scattered  points ;  bat  a 
great  part  of  its  action  has  been  conllned  to  one  principal  and  ^ 
bitual  vent,  Vesuvius  or  Sorama.  Before  the  Christian  era,  from  lh> 
remotest  periods  of  which  we  have  any  traililion,  this  principal  t«l 
was  in  a  state  of  inactivity.  But  terrific  convulsions  then  took  pbm 
from  lime  to  time  in  Ischia  (Pithecusa),  and  seem  to  have  esten<M 
to  the  neighbouring  isle  of  Procida  (Proch)'!^)  ;  for  Sirnbo*  mentioBi 
a  story  of  Procida  having  been  lorn  asunder  from  Isdtin  ;  and  Flinft 
derives  its  name  from  its  having  been  poured  forth  by  an  eruption  Dnb 
Ischia. 

The  present  circumference  of  lichia  along  the  water's  edge  il 
eigliteen  miles,  ils  length  from  west  to  east  about  five,  and  its  brwdik 
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from  north  to  south  three  miles.  Several  Greek  colonies  which 
settled  there  before  the  Christiaa  era  were  compelled  to  abandon  it 
in  consequence  of  the  violence  of  the  eruptions.  First  the  Ery- 
thr^^ans,  and  afterwards  the  Chalcidians,  are  mentioned  as  having 
been  driven  out  bj  earthquakes  and  igneous  exhalations.     A  colony 
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^U  afterwards  eBtabliehed  hj  Hiero,  king  of  Syracuse,  about  360 
I*ttg  before  the  Christian  era ;  bat  when  they  had  built  a  fortress, 
"*^  were  compelled  by  an  eruption  to  fly,  and  never  again  returned. 
Stnbo  tells  us  that  Tunieus  recorded  a  tradition,  that,  a  little  before 
■'U  time,  Epomeus,  the  principal  mountain  in  the  centre  of  the  island. 
Vomited  fire  during  great  earthquakes  ;  that  the  land  between  it  and 
tbe  coast  had  ejected  much  fiery  matter,  which  flowed  into  the  sea, 
ind  that  the  sea  receded  for  the  distance  of  three  stadia,  and  then 
'Ctnming,  overflowed  the  island.  This  eruption  ia  supposed  by  some 
to  have  been  that  which  formed  the  crater  of  Monte  Corvo  on  one  of 
the  higher  flanks  of  Epomeo,  alxive  Foria,  the  lava-current  of  which 
may  still  be  traced,  by  aid  of  the  scorite  on  its  surface,  from  the  crater 
to  the  sea. 

To  one  of  the  subsequent  eruptions  in  the  lower  parts  of  the  isle, 
whiefa  caused  the  expulsion  of  the  first  Greek  colony,  Monte  Rotaro 
baa  been  attributed,  and  it  bears  every  mark  of  recent  origin.  The 
cone,  which  I  examined  in  1826,  is  remarkably  perfect,  and  has  a 
crmter  on  its  summit  precisely  resembling  that  of  Monto  Nuovo  near 
Naples;  but  the  hill  is  larger,  and  resembles  some  of  the  more  con- 
siderable cones  of  single  emptioa  near  Clermont  in  Auvergne,  and, 
like  some  of  them,  it  has  given  vent  to  a  lava-stream  at  its  base, 
fn«fwul  of  its  summit  A  small  ravine  swept  out  by  a  torrent  exposes 
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the  Btrncture  of  the  cone,  wliich  is  composed  of  innumerable  iDcllaed 
and  slight)}'  undulating  layers  of  pumice,  scorigp.  white  lapilli,  and 
enormous  angular  blocks  of  trachyte.  Thcw  last  hare  eridentlr  been 
thrown  out  br  violeat  eiplosions  like  those  which  in  l'i'2'2  launched 
from  Vesuriua  a  mass  of  augitic  lava,  of  many  toa.f'  weight,  to  the 
distance  of  tliree  mile?,  wliich  fell  in  the  gardeu  of  Prinoe  Ottajaoo. 
The  cone  of  liotaro  is  covered  with  the  arbutus,  and  other  beautiful 
evergreens.  .Sucb  is  the  strength  of  the  virgin  soil,  tliat  the  sltrubs 
have  become  almust  arbori;soent;  and  the  growth  of  sume  of  the  smaller 
wild  plants  has  been  so  vigorous,  that  botanists  hare  scarcely  been 
able  to  recognize  the  species. 

The  eruptioQ  which  dislodged  the  Syracu^aD  colony  is  supposed 
to  have  given  rise  to  that  mighty  current  which  forms  the  promontory 
of  Zaro  and  Caruso.  The  surface  of  ttiese  lavas  is  still  vt-ry  arid  and 
bristling,  and  is  covered  with  hlacif  scorin;;  so  that  it  is  not  witlioat 
great  labour  that  human  industry  has  redeemuJ  some  small  spots,  and 
converted  them  into  vineyard-.  Upon  the  produce  of  these  vine- 
yards the  population  of  tiie  island  is  almost  entirely  supported.  It 
amounted  when  I  was  there,  in  IS'2^,  to  about  twctity-tlve  tboiuand, 
and  was  on  the  increase. 

From  the  date  of  the  gr<-at  erujition  last  alluded  to,  down  to  our 
on-n  tini-.  I-!.ia  has  vri.jvv.l  lrai,.i'i;;:;;v.  will,  ti.i.'  i-Xf.;.;:  .n  ..f  iut 
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ar'\  iip.in  thv  wh^.I--.  -n  ditf  r--tit  pirs  of  Kp.  .m.-.\  or  so:ilt-?rc-.l  thr>ii;h 
th.>  l-w.-r  tra.-i<  vi"  I-^hiri.  tw.lve  ciii-M-raM'-"  v..:^-ar,i.-  c..n-s  whioh 
Lav.  l-:..n  thr..wn  up  s:ii-.-  tr;-  i-Hivi  was  rsi-.-l  r.1...ve  tli,-  surlsce  ^f 
th-  .!-[.;  ani  tnir.v  -tr.am^  vi  1  .va  may  l.av.-  I'-.w-i.  lik"  that  of 
■■Ar-.i"'in  V>^±  w:::.-.;it  i-t^-- l.avin:;  1--H  jr. -Iiio-l :  s.i  that  this 
i-1  -n  i  n:nv.  f.c  aj-  *  1-:'t..-  t!.-  ;  ■  r:  -i  .  f  tt.--  r-  -.r.-i-  't  trviiii -iis.  Imv^ 
s  rv.,.l  :i-i'a  s:.i'tv.va!\.  t.'  li.-.-  wUlv  IVrra  iti  L:ivorA  wLilt;  ilie  tirt* 
i!'  V'.s-.ivi-is  w-.ri-  d.rniai.t. 
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Lake  Avemus, — It  seems  also  clear  that  Avernus,  a  circular  lake 
lear  Puzzaoli,  about  half  a  mile  in  diameter,  which  is  now  a  salu- 
brious and  cheerful  spot,  once  exhaled  mephitic  vapours,  such  as  are 
rften  emitted  by  craters  after  eruptions.  There  is  no  reason  for 
liscrediting  the  account  of  Lucretius,  that  birds  could  not  fly  over  it 
rithout  being  stifled,  although  they  may  now  frequent  it  uninjured.* 
There  must  have  been  a  time  when  this  crater  was  in  action ;  and 
or  many  centuries  afterwards  it  may  have  deserved  the  appellation 
)f  '^atri  jauna  Ditis,**  emitting,  perhaps,  gases  as  destructive  of 
nimal  life  as  those  suflbcating  vapours  given  out  by  Lake  Quilotoa, 
a  Quito,  in  1797,  by  which  whole  herds  of  cattle  on  its  shores  were 
illed  f ,  or  as  those  deleterious  emanations  which  annihilated  all  the 
attle  in  the  island  of  Lancerote,  one  of  the  Canaries,  in  1730.  ^  Bory 
It,  Vincent  mentions,  that  in  the  same  isle  birds  fell  lifeless  to  the 
;round ;  and  Sir  William  Hamilton  informs  us  that  he  picked  up 
lead  birds  on  Vesuvius  during  an  eruption. 

Solfatara. — The  Solfatara,  near  Puzzuoli,  which  may  be  consi* 
lered  as  a  nearly  extinguished  crater,  appears,  by  the  accounts  of 
)trabo  and  others,  to  have  been  before  the  Christian  era  in  very 
auch  the  same  state  as  at  present,  giving  vent  continually  to  aqueous 
apour,  together  with  sulphureous  and  muriatic  acid  gases,  like  those 
volved  by  Vesuvius. 

Ancient  history  of  Vesuvius, — Such,  then,  were  the  points  where 
be  subterranean  flres  obtained  vent,  from  the  earliest  period  to  which 
radition  reaches  back,  down  to  the  flrst  century  of  the  Christian  era ; 
»ut  we  then  arrive  at  a  crisis  in  the  volcanic  action  of  this  district — 
ne  of  the  most  interesting  events  witnessed  by  man  during  the 
•rief  period  throughout  which  he  has  observed  the  physical  changes 
n  the  earth's  surface.  From  the  flrst  colonization  of  Southern  Italy 
•y  the  Greeks,  Vesuvius  aflbrded  no  other  indications  of  its  volcanic 
haracter  than  such  as  the  naturalist  might  infer,  from  the  analogy  of 
to  structure  to  other  volcanos.  These  were  recognized  by  Strabo, 
»at  Pliny  did  not  include  the  mountain  in  his  list  of  active  vents, 
rhe  ancient  cone  was  of  a  very  regular  form,  terminating  not  as  at 
treaenty  in  two  peaks,  but  with  a  summit  which  presented,  when 
een  from  a  distance,  the  even  outline  of  an  abruptly  truncated  cone. 
>n  the  summit,  as  we  learn  from  Plutarch,  there  was  a  crater  with 
teep  clifls,  and  having  its  interior  overgrown  with  wild  vines,  and 
rith  a  sterile  plain  at  the  bottom.  On  the  exterior,  the  flanks  of 
be  mountains  were  clothed  with  fertile  flelds  richly  cultivated^  and 
it  its  base  were  the  populous  cities  of  Herculaneum  and  Pompeii. 
iot  the  scene  of  repose  was  at  length  doomed  to  cease,  and  the  vol- 
«nic  fire  was  recalled  to  the  main  channel,  which  at  some  former 
mknown  period  had  given  passage  to  repeated  streams  of  melted  lava, 
and,  and  scorise. 

Renewal  of  its  eruptions. — The  first  symptom  of  the  revival  of 

•  De  Rerum  Nat  vi  740 Forbes,        f  Humboldt,  Voy.,  p.  317. 

a  Bay  of  Naples,  Edin.  Journ.  of  Sd,        \  VonBuch,Uebereinenviilcaniflchen 
To.  iii.,  new  seriea,  p.  87.  Jan.  1830.         Ausbruch  auf  der  Insel  Lanzerote. 
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the  oneigies  of  this  Toleaiio  i  the  occnrreiioe  of  an  etrdiqiieke  hi 
the  yeer  68  after  Chriali  whi  did  oi  oaiderable  injarj  to  the  dUki 
in  its  Tiohii^.    From  that  the  year  79  slight  ihodEi 

fteqnent;  and  in  the  month  0t  i  of  that  year  they  became 

nnmeroos  and  violent^  till  they  eci  at  length  in  an  empdoii.  Tbi 
elder  FUny,  who  commanded  tbe  Aoman  fleet,  was  then  stadonedH 
Ifiaenam ;  and  in  his  anxiety  to  obtain  a  near  view  of  the  phens 
meoa,  he  lost  his  life^  being  saffi>cated  by  salphureoos  vapoimL  Hb 
nepheWf  the  yomiger  Pliny,  remained  at  Misennm,  and  has  given  «% 
in  his  Letters^  a  lively  description  of  the  awfal  scene.  A  dsMi 
eolnmn  of  Taponr  was  first  seen  rising  vertically  from  Tesnviosb  aal 
then  spreading  itself  ont  laterally,  so  that  its  upper  portion  reeemMii 
the  Imd,  and  its  lower  the  trunk  of  the  pine,  which  oharaeteiiMB  Al 
Italian  landscape.  This  black  doud  was  pierced  occasionally  hf 
flashes  of  f^  as  vivid  as  lightning,  succeeded  by  darkness  mon  fM 
found  than  night  Ashes  fell  even  upon  the  sldps  at  ICsennmb  sal 
caused  a  shoal  in  one  part  of  the  sea — the  ground  rocked,  and  As 
sea  receded  from  the  shores,  so  that  many  marine  animals  were  isfll 
on  the  diy  sand.  The  appearances  above  described  agree  peilwfll 
with  those  witnessed  in  more  recent  eruptions,  espedaUy  Aose  i 
Monte  Nuovo  in  1538,  and  of  Vesuvius  in  1822. 

The  younger  Pliny,  although  giving  a  circumstantial  detail  of  so 
many  physical  facts,  and  describing  the  eruption  and  earthquake,  uA 
the  shower  of  ashes  which  fell  at  Stabise,  makes  no  allusion  to  the 
sudden  overwhelming  of  two  large  and  populous  cities,  Herculaneam 
and  Pompeii.  In  explanation  of  this  omission,  it  has  been  suggested 
that  his  chief  object  was  simply  to  give  Tacitus  a  full  account  of  the 
particulars  of  his  uncle's  death.  It  is  worthy,  however,  of  remark, 
that  had  the  buried  cities  never  been  discovered,  the  accounts  trans- 
mitted to  us  of  their  tragical  end  might  well  have  been  discredited  bj 
the  majority,  so  vague  and  general  are  the  narratives,  or  so  long  sab- 
sequent  to  the  event.  Tacitus,  the  friend  and  contemporary  of  Flinj, 
when  adverting  in  general  terms  to  the  convulsions,  says  merely  that 
"  cities  were  consumed  or  buried."  * 

Suetonius,  although  he  alludes  to  the  eruption  incidentaDy,  it 
silent  as  to  the  cities.  They  are  mentioned  by  Martial,  in  an  epigrun, 
as  immersed  in  cinders  ;  but  the  first  historian  who  alludes  to  thett 
by  name  is  Dion  Cassius,f  who  flourished  about  a  century  and  a  hstf 
after  Pliny.  He  appears  to  have  derived  his  information  from  tbe 
traditions  of  the  inhabitants,  and  to  have  recorded,  without  dis- 
crimination, all  the  facts  and  fables  which  he  could  collect  He  tdb 
us,  ^'that  during  the  eruption  a  multitude  of  men  of  superfaumia 
stature,  resembling  giants,  appeared,  sometimes  on  the  moontva, 
and  sometimes  in  the  environs — that  stones  and  smoke  were  throwa 
out,  the  sun  was  hidden,  and  then  the  giants  seemed  to  rise  ague, 
while  the  sounds  of  trumpets  were  heard,  &c  Sec ;  and  finally,'*  be 

*  JUamta  aat  obrutiD  nrbcs.—  Hist.  lib.  I  f  Ui^t.  Bom.  lib  bcti 
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relates,  "  two  entire  cities,  Herculaneum  and  Pompeii,  were  buried 
under  showers  of  ashes,  while  all  the  people  were  sitting  in  the 
theatre."  That  many  of  these  circumstances  were  invented,  would 
have  been  obvious,  even  without  the  aid  of  Pliny's  letters ;  and  the 
examination  of  Herculaneum  and  Pompeii  enables  us  to  prove,  that 
none  of  the  people  were  destroyed  in  the  theatres,  and  indeed,  that 
therfiwere  very  few  of  the  inhabitants  who  did  not  escape  from  both 
cities.  Yet  some  lives  were  lost,  and  there^s  ample  foundation  for 
the  tale  in  its  most  essential  particulars. 

It  does  not  appear  that  in  the  year  79  any  lava  flowed  from  Vesu- 
vius ;  the  ejected  substances^  perhaps,  consisted  entirely  of  lapilli, 
aand,  and  fragments  of  older  lava,  as  when  Monte  Nuovo  was  thrown 
np  in  1538.  The  first  era  at  which  we  have  authentic  accounts  of 
the  flowing  of  a  stream  of  lava,  is  the  year  1036^  which  is  the  seventh 
eruption  from  the  revival  of  the  fires  of  the  volcano.  A  few  years 
afterwards,  in  1049,  another  eruption  is  mentioned,  and  another  in 
1138  (or  1139),  after  which  a  great  pause  ensued  of  168  years. 
During  this  long  interval  of  repose,  two  minor  vents  opened  at  dis- 
tant points.  First,  it  is  on  tradition  that  an  eruption  took  place  from 
the  Solfatara  in  the  year  1198,  during  the  reign  of  Frederick  II., 
Emperor  of  Grermany ;  and  although  no  circumstantial  detail  of  the 
event  has  reached  us  from  those  dark  ages,  we  may  receive  the  fact 
without  hesitation.*  Nothing  more,  however,  can  be  attributed  to 
this  eruption,  as  Mr.  Scrope  observes,  than  the  discharge  of  a  light 
and  scoriform  trachytic  lava,  of  recent  aspect,  resting  upon  the  strata 
of  loose  tuff  which  covers  the  principal  mass  of  trachyte,  f 

Volcanic  eruption  in  Ischioy  1302. — The  other  occurrence  is  well 
authenticated, — the  eruption,  in  the  year  1302,  of  a  lava-stream 
from  a  new  vent  on  the  south-east  end  of  the  Island  of  Ischia. 
During  part  of  1301,  earthquakes  had  succeeded  one  another  with 
fearful  rapidity  ;  and  they  terminated  at  last  with  the  discharge  of  a 
lava-stream  from  a  point  named  the  Campo  del  Arso,  not  far  from 
the  town  of  Ischia.  This  lava  ran  quite  down  to  the  sea — a  distance 
of  about  two  miles:  in  colour  it  varies  from  iron  grey  to  reddish 
blacky  and  is  remarkable  for  the  glassy  felspar  which  it  contains. 
Its  surface  is  almost  as  sterile,  after  a  period  of  five  centuries,  as 
if  it  bad  cooled  down  yesterday.  A  few  scantlings  of  wild  thyme, 
and  two  or  three  other  dwarfish  plants,  alone  appear  in  the  interstices 
of  the  scorisB,  while  the  Vesuvian  lava  of  1767  is  already  covered 
with  a  luxuriant  vegetation.  Pontanus,  whose  country-house  was 
burnt  and  overwhelmed,  describes  the  dreadful  scene  as  having 
lasted  two  months.  X  Many  hou^  were  swallowed  up,  and  a  partial 
emigration  of  the  inhabitants  followed.  This  eruption  produced  no 
cone,  but  only  a  slight  depression,  hardly  deserving  the  name  of  a 

♦  The    earliest    authority,  says  Mr.  f  GeoL  Trans.,  second  series,  voL  ii. 

Forbes,  giren  for  this  fact,  appears  to  be  p.  346. 

Capaccio,  quoted  in  the  Terra  Tremante  \  Lib.  vL  de  Bcllo  Neap,  in  Graevii 

of  Bonito. — £din.  Jonm.  of  Sci.  &C.,  Thesaur. 
No.  L,  new  series,  p.  127.  July,  1S29. 
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enlmv  when  bMps  of  Uack  and  nd  loori*  lie  aeatttnd  mmL 
Until  tUa  eroptioi^  iMhu  ia  goncraOj  beUared  to  baTs  tx^ojti  m 
inl«nal  of  nrt  fiir  abont  foreDteui  oantotiM ;  bnt  Jolioc  TMiMgniV 
who  floniiabed  a.  d.  Sl^  refcn  to  snne  vokanie  oonTnUoM  in  tb 
7«ar662afta-tbebiiildUigofBoino(91  B.a).  As  Flinj,  wIm  Bnl 
s  oentaij  befbn  Obaeqaena,  does  not  enomerate  thia  anwnc  olltf 
toleania  eropliona,  tbe  riateineDt  of  t  le  latMr  author  is  soppoMI  It 
ban  been  erroneona;  lit  it  wonld  >o  m(ae  conaisten^  for  msHf 
before  stated,  to  disregard  tbe  silence  of  "POnj,  and  to  oonolndik  tlM 
aome  kind  of  subterranean  commotion,  probablj  of  no  great  vkltM^ 
bqipened  at  the  period  alluded  to. 

Biitory  ef  Venmrni  after  1188.— To  return  to  Tamriasi— tttf 
next  eropUon  occurred  ia  1306;  between  which  era  and  1611  tea 
waa  onlj  one  other  (in  1500)^  and  tiiat  «  slight  ooe.  It  hit  lot 
remarked,  that  throughout  this  period  Etna  was  in  a  aisla  <f  Mb 
nnnaoal  activitj,  as  to  lend  coantenance  to  the  idea  tbaS  Ikvyl 
Seilian  Tolcano  maj  aometimea  serre  as  s  channel  of  disda^i'l 
elaatie  Soids  and  lara  that  would  otherwise  rise  to  tba  «*il  h 
Campania. 

Fwmm^tM  cf  M<mu  Nvovo,  1588. — Hie  great  puMS  Ml  d» 
marked  by  a  memorable  event  in  the  Phlegra»n  Fields — the  biiM* 
formation  of  a  new  mouniain  in  1538,  of  which  we  hsTo  receited 
authentic  accounts  from  contemporary  writers. 

The  height  of  this  mountain,  called  ever  since  Monte  Ndovo,  ba« 
been  determined,  by  the  Italian  mineralogist  Pini,  to  be  440  £agli*f* 
feet  above  the  level  of  the  bay  ;  its  base  is  about  eight  thonsand  feet* 


or  more  than  a  mile  and  a  half  in  circumference.    According  to  PiA 
the  depth  of  the  crater  ia  421  English  feet  from  the  snnunil  of  the  U"* 

•  Prodig,  libel  c.  cxIt. 
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It  its  bottom  is  only  niDeteen  feet  above  the  level  of  the  sea. 
cone  is  declared,  by  the  best  aathorities,  to  stand  partly  on  the 
if  the  Lucrine  Lake  (4,  fig.  43.  *X  vbich  was  nothing  iqore  than 
Tater  of  a  pre-extstent  volcano,  and  was  almost  entirely  filled 
ig  the  explosion  of  lo38.  Nothing  now  remains  but  a  shallow 
separated  from  the  sea  by  an  elevated  beach,  raised  artificially. 


Sir  William  Hamilton  lias  given  us  two  original  letters  describing 
)  eruption.  The  first,  by  Falconi,  dated  1538,  contains  the  follow- 
;  passages.^  "  It  is  now  two  years  since  there  have  been  frequent 
Quakes  at  Fuzzuoli,  Naples,  and  the  neighbouring  parts.  On  the 
r  and  in  the  night  before  the  eruption  (of  Monte  Nuovo),  above 
^ty  ehocks,  great  and  small,  were  felt.  The  eruption  began  on  the 
th  cf  September,  1538.  It  was  on  a  Sunday,  about  one  o'clock  in 
B  xight,  when  dames  of  fire  were  seen  between  the  hot  baths  and 
^pei^ls.  In  a  short  time  the  fire  increased  to  anch  a  degree,  that 
^nt  open  the  earth  in  this  place,  and  threw  up  so  great  a  quantity 
**hes  and  pumice  stones,  mixed  with  water,  as  covered  the  whole 
""fry.  The  next  morning  (after  the  formation  of  Aloate  Nuovo) 
*  poor  inhabitants  of  Puxzuoii  quitted  their  habitations  in  terror, 
'*'fed  with  the  muddy  and  black  shower  which  continued  the  whole 
?  U  that  country  —  ^7>iig  from  death,  but  with  death  painted  in 
ff  wunCenacces.  Some  with  their  children  in  their  arms,  some 
|*h  sacks  full  of  their  goods ;  others  lending  an  ass,  loade<l  with  their 
Jpitened  family,  towards  Naples;  others  carrying  quantities  of  birds, 
'  Various  Borts,  that  had  fallen  dead  at  the  beginning  of  tlie  erup* 
**!  others,  again,  with  flsh  which  they  had  found,  and  which  were 
'  w  met  with  in  plenty  on  the  shore,  the  sea  having  left  them  dry 

l^^'^reprociitBtioTiof'thcPhlegTCBn  dcss  of  hia  coloured  dclinealiona  of  the 

y^  u  redaced  from   part  qf  Plate  •cenerj'  of  that  country  cannot  bo  loo 

^  of  Sir  William  HuniltoD'a  great  highly  praised. 
**  "CatDpi  FhlcgnEi."    The  foithlut'        \  Cwnpi  Fbtegnei,  p.  70. 
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for  a  considerable  time.  I  accompanied  Signor  Moramaldo  to  behold 
the  wonderful  effects  of  the  eruption.  The  sea  had  retired  on  theade 
of  Baise,  abandoning  a  considerable  tract,  and  the  shore  appeired 
almost  entirely  dry,  from  the  quantity  of  ashes  and  broken  pumice 
stones  thrown  up  by  the  eruption.  I  saw  two  springs  in  the  newlf 
discovered  ruins ;  one  before  the  house  that  was  the  queen's,  of  hot 
and  salt  water/'  &c. 

So  far  Falconi :  the  other  account  is  by  Pietro  Giacomo  di  Toledo^ 
which  begins  thus  :  —  "It  is  now  two  years  since  this  province  of 
Cnmpagna  has  been  afflicted  with  earthquakes,  the  country  aboot 
Puzzuoli  much  more  so  than  any  other  parts  :  but  the  27th  and  the 
28th  of  the  month  of  September  last,  the  earthquakes  did  not  ceise 
day  or  night  in  the  town  of  Puzzuoli :  that  plain  which  lies  between 
Lake  Avernus,  the  Monte  Barbaro,  and  the  sea,  was  raised  a  Utikt 
and  many  cracks  were  made  in  it,  from  some  of  which  issued  water; 
at  the  same  time  the  sea,  immediately  adjoining  the  plain,  dried 
tip  about  two  hundred  paceSy  so  that  the  fish  were  left  on  the  sand  a 
prey  to  the  inhabitants  of  Puzzuoli.  At  last,  on  the  29th  of  the 
same  month,  about  two  o'clock  in  the  night,  the  earth  opened  near 
the  lake,  and  discovered  a  horrid  mouth,  from  which  were  vomited 
furiously  smoke,  fire,  stones,  and  mud,  composed  of  ashes,  making  at 
the  time  of  its  opening  a  noise,  like  tlie  loudest  thunder.  The  ston*'? 
which  followed  were  by  the  flames  converted  to  pumice,  and  soraoot 
these  were  larf/er  than  an  ox.  The  stones  went  about  as  high  a?  a 
cross-bow  can  carry,  and  then  fell  down,  sometimes  on  the  e<i;:c,  an-l 
sometimes  into  the  mouth  itself.  The  mud  was  of  the  colour  of  a^hes, 
and  at  first  very  liquid,  tlien  by  de<:ree3  less  so,  and  in  such  i]iian- 
tities,  that  in  less  than  twelve  hours,  with  the  help  of  the  above- 
mentioned  stones,  a  mountain  was  raised  of  KKX)  f)aoes  in  height. 
Not  only  Puzzuoli  and  the  neighbouring  country  was  full  of  this  niuJ. 
but  the  city  of  Naples  also ;  so  tiiat  many  of  its  palaces  were  defai*^! 
by  it.  Now  this  eruption  lasted  two  ni«:hts  and  two  days  with"ut 
intermission,  though,  it  is  true,  not  always  with  the  same  force ;  the 
third  day  the  eruption  ceased,  and  I  went  up  with  many  pec^ple  to  the 
top  of  the  new  hill,  and  saw  down  into  its  mouth,  whicli  was  a  rouml 
cavity  about  a  quarter  of  a  mile  in  circumference,  in  tlie  middle  ot 
which,  the  stones  which  had  fallen  were  boiling  up,  just  as  a  caldron 
of  water  boils  on  the  fire.  The  fourth  day  it  began  to  throw  up 
again,  and  the  aeventh  much  more,  but  still  with  less  violence  than 
the  flnt  niglit.    At  tlui  time  many  persons  w^ho  were  on  the  hill  were 

and  killed,  or  smothered  with  the  smokr. 
eontinnes,  and  you  often  see  fire  in  the 


"^  diete  accounts,  written  immediately  after 

s  agree  in  stating  that  the  sea  retired ;  and 

^•8  upraised  ;  but  they  attribute  the 

"*'▼  to  the  jets  of  mud,  showcra  of 

■^grtri,  p.  77. 
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x>ria3,  and  large  fragments  of  rock,  cast  out  from  a  central  orifice, 
yr  several  days  and  nights.  Baron  Yon  Buch,  however,  in  his 
Kcellent  work  on  the  Canary  Islands,  and  volcanic  phenomena  in 
eneral,  has  declared  his  opinion  that  the  cone  and  crater  of  Monte 
Tuovo  were  formed,  not  in  the  manner  above  described,  but  by  the 
pheaval  of  solid  beds  of  white  tuff,  which  were  previously  horizontal, 
lut  which  were  pushed  up  in  1538,  so  as  to  dip  away  in  all  directions 
rem  the  centre,  with  the  same  inclination  as  the  sloping  surface  of 
be  cone  itself.  '*  It  is  an  error,"  he  says,  *^  to  imagine  that  this  hill 
ras  formed  by  eruption,  or  by  the  ejection  of  pumice,  scoriae,  and 
ther  incoherent  matter ;  for  the  solid  beds  of  upraised  tuff  are  visible 
11  round  the  crater,  and  it  is  merely  the  superficial  covering  of  the 
one  which  is  made  up  of  ejected  scorise."* 

In  confirmation  of  this  view,  M.  Dufrenoy  has  cited  a  passage  from 
he  works  of  Porzio,  a  celebrated  physician  of  that  period,  to  prove 
hat  in  1538  the  ground  where  Monte  Nuovo  stands  was  pushed  up 
n  the  form  of  a  great  bubble  or  blister,  which  on  bursting,  gave 
irigin  to  the  present  deep  crater.  Porzio,  says,  "  that  after  two  days 
ind  nights  of  violent  earthquakes,  the  sea  retired  for  nearly  200 
jrards ;  so  that  the  inhabitants  could  collect  great  numbers  of  ^fish  on 
this  part  of  the  shore,  and  see  some  springs  of  fresh  water  which  rose 
up  there.  At  length,  on  the  third  day  of  the  calends  of  October 
September  29),  they  saw  a  large  tract  of  ground  intervening  between 
he  foot  of  Monte  Barbaro  and  part  of  the  sea,  near  the  Lake 
Aivemus,  rise,  and  suddenly  assume  the  form  of  an  incipient  hill ;  and 
at  two  o'clock  at  night,  this  heap  of  earth,  opening  as  it  were  its 
month,  vomited,   with  a  loud   noise,    flames,   pumice   stones,    and 

Mhe8.''t 
So  late  as  the  year  1846  a  fourth  manuscript  (written  immediately 

■Iter  the  eruption)  was  discovered  and  published  in  Germany.  It 
WBB  written  in  1538  by  Francesco  del  Ncro:^,  who  mentions  the  dry- 
ing up  of  the  bed  of  the  sea  near  Puzzuoli,  which  enabled  the 
inhabitants  of  the  town  to  carry  off  loads  of  fish.  About  eight 
o'clock  in  the  morning  of  the  29th  September,  the  earth  sunk  down 
iboot  14  feet  in  that  place  where  the  volcanic  orifice  now  appears,  and 
there  issued  forth  a  small  stream  of  water,  at  first  cold,  and  afterwards 
tl^id.  At  noon,  on  the  same  day,  the  earth  began  to  swell  up  in  the 
Itme  spot  where  it  had  sunk  down  14  feet,  so  as  to  form  a  hill. 
Ateut  this  time  fire  issued  forth,  and  gave  rise  to  the  great  gulf, 
^wUh  such  a  force,  noise,  and  shining  light,  that  I,  who  was  standing 
hi  aijr  garden,  was  seized  with  terror.    Forty  minutes  afterwards, 

*  P.  847.    Ptois,  1836.  cincrcsqne.*'  —  Porzio,    Opera    Omnis, 

<f  ^'Mtigma  tenm  tractiu,  qui  inter  Medica,  Phil.,  et  Mathcmat.,  in  unum 

ysAees  montii^  qnem  Barbanim  incolse  coUccta,  1736,  cited  by  Dufrenoy,  Meiu, 

tliyiffiTnt,  et  mare  inxta  ATemam  jacet,  pour  servir  ^  une  I>c8cription  Geolo- 

iHS  adgme  videb         et  montia  sabitd  giqae  de  la  France,  torn.  iv.  p.  274. 
jMiMBtll  iiganm  mmuxOou    £o  ipao  die        |  See  Ncues  Jahr  Bach  for   1846, 

IwA noelbIL* istb  teme  cumulus,  aperto  and  a  translation  in  the  Quarterly  Joum. 

le,  msgiio  •      I  fremitn,  magnoe  of  the  Geol.  Soc   for   1847.  toI.   iii. 

^'  mh;  p       Biqae,  et  lapidea,  p.  20.  Memoirs. 
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altlioiq;li  unireUL  I  got  upon  a  neighbouring  haighty  from  wtiA  I 
all  thai  took  place,  and  bj  my  troth  it  was  a  splendid  fife,  that 
up  for  a  long  time  mnch  earth  and  manj  atonei^  wfaudi  ftU 
again  all  roond  the  gnlf»  in  a  semicircle  of  from  one  to  three 
shots  in  diameter,  and,  fiUing  up  part  of  the  sea,  formed  a  hill 
i^the  height  of  Monte  Mordlo.    Ifasses  of  earth  and  stones^  m  lH|it> 
as  an  oz,  were  shot  up  frmn  the  fiery  gulf  into  the  air,  to  a 
which  I  estimate  at  a  mile  and  a  half*    When  tbqr  descended, 
were  dry,  others  in  a  soft  muddj  state."    He  concludes  by  all«M|p 
again  to  the  sinking  of  the  ground,  and  the  eleyation  of  it 
fbUowed,  and  says  that  to  him  it  was  inconoeiyable  how  such  a 
of  stones  and  adies  could  have  been  poured  forth  from  the  gdi} 
He  also  refers  to  the  account  which  Porzio  was  to  draw  up  ftr  i»: 
Viceroy* 

On  comparing  these  four  accounts,  recorded  byeye-witnessesbllHa^ 
appears  to  be  no  real  discrepani^  between  them.    It  seems  dear  Hil^ 
the  ground  first  sunk  down  14  feet  on  the  site  of  the  future  ¥oleBB%' 
and  after  having  subsided  it  was  again  propelled  upwards  by  Aa  lsia» 
mingled  with  steam  and  gases,  whidi  were  about  to  burst  fortt.  -  J^ 
of  led-hot  lava,  fragments  of  fractured  rock,  and  occasionsllymfei 
composed  of  a  mixture  of  pumice,  tuff,  and  sea-water,  were  huiM 
into  the  air.     Some  of  the  blocks  of  stone  were  very  large,  leadiog 
us  to  infer  that  the  ground  which  sank  and  rose  again   was  much 
shattered  and  torn  to  pieces  by  the  elastic  vapours.     The  whole  hill 
was  not  formed  at  once,  but  by  an  intermittent  action  extending  oter 
a  week  or  more.    It  seems  that  the  chasm  opened  between  Triper 
gola  and  the  baths  in  its  suburbs,  and  that  the  ejected  materials  fell 
and  buried  that  small  town.     A  considerable  part,  however,  of  the 
hill  was  formed  in  less  than  twenty-four  hours,   and  in  the  same 
manner  as  on  a  smaller  scale  the  mud  cones  of  air  volcanos  are 
produced,  with  a  cavity  in  the  middle.     There  is  no  difficulty  in  con- 
ceiving that  the  pumiceous  mud,  if  so  thrown  out,  may  have  set  into 
a  kind  of  stone  on  drying,  just  as  some  cements,  composed  of  volcanic 
ashes,  are  known  to  consolidate  with  facility. 

I  am  informed  that  Baron  Yon  Buch  discovered  some  marine  shelli 
of  existing  species,  such  as  occur  fossil  in  the  tuff  of  the  neighbour- 
hood, in  beds  exposed  low  down  in  the  walls  of  the  crater  of  Monte 
Nuovo.  These  may  have  been  ejected  in  the  mud  mixed  with  sea* 
water  which  was  cast  out  of  the  boiling  gulf ;  or,  as  Signer  Arcangefe 
Scacchi  has  suggested*,  they  may  have  been  derived  from  the  older 
tuff,  which  contains  marine  shells  of  recent  species.  The  same  observer 
remarks  that  Porzio*s  account  upon  the  whole  corroborates  the  doctrine 
of  the  cone  having  been  formed  by  eruption,  in  proof  of  which  he 
cites  the  following  passage :  —  *'  But  what  was  truly  astonishin|^  s 
hill  of  pumice-stones  and  ashes  was  heaped  up  round  the  gulf,  to  the 
height  of  a  mile  in  a  single  night  "f   Signer  Scacchi  also  adds  that  the 

*  Mem.  Roy.  Acad.  Nap.  1849.  ex  pammicibus  et  cinere  phuqnim  miBi 

f  **  Vcram  qaod  omnem  supcrat  ad-    pos^aum  altitudino  ani  noctc 
mirationcm,  mens  circum  earn  voraginem    aspicimr.** 
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ancient  temple  of  Apollo,  now  at  the  foot  of  Monte  Nuovo,  and  the 
walls  of  which  still  retain  their  perfect  perpendicularity,  could  not 
possibly  have  maintained  that  position  had  the  cone  of  Monte  Nuovo 
really  been  the  result  of  upheaval. 

Tripergola  was  much  frequented  as  a  watering-place,  and  contained 
an  hospital  for  those  who  resorted  there  for  the  benefit  of  the  thermal 
springs ;  and  it  appears  that  there  were  no  fewer  than  three  inns  in 
the  principal  street.  Had  Porzio  stated  that  any  of  these  buildings, 
or  the  ruins  of  them,  were  seen  by  himself  or  others  raised  up  above 
the  plain,  a  short  time  before  the  first  eruption,  so  as  to  stand  on  the 
sammit  or  slope  of  a  newly-raised  hillock,  we  might  have  been  com- 
pelled, by  so  circumstantial  a  narrative,  to  adopt  M.  Dnfr^noy's  inter- 
pretation. 

But  in  the  absence  of  such  evidence,  we  must  appeal  to  the  crater 
itself,  where  we  behold  a  section  of  the  whole  mountain,  without 
being  able  to  detect  any  original  nucleus  of  upheaved  rock  distinct 
horn  the  rest :  on  the  contrary,  the  whole  mass  is  similar  throughout 
In  composition,  and  the  cone  very  symmetrical  in  form;  nor  are 
there  any  clefts,  such  as  might  be  looked  for,  as  the  efiect  of  the 
sudden  'Upthrow  of  stony  masses.  M.  C.  Prevost  has  well  remarked 
that  if  beds  of  solid  and  non-elastic  materials  had  yielded  to  a  violent 
pressure  directed  from  below  upwards,  we  should  find  not  simply  a 
Fig.  44.  deep    empty  cavity,   but  an   irregular 

opening,  where  many  rents  converged ; 
and  these  rents  would  be  now  seen 
breaking  through  the  walls  of  the  crater, 
widening  as  they  approach  the  centre. 
(See  fig.  44.  a,  ft.)*  Not  a  single  fissure 
of  this  kind  is  observable  in  the  interior 
of  Monte  Nuovo,  where  the  walls  of  the 
crater  are  continuous  and  entire ;  nor  are 
there  any  dikes  implying  that  rents  had  existed,  which  were  after- 
wards filled  with  lava  or  other  matter. 

It  has  moreover  been  often  urged  by  Von  Buch,  De  Beaumont, 
and  others,  who  ascribe  the  conical  form  of  volcanos  chiefly  to 
upheaval  from  below,  that  in  such  mountains  there  are  a  great 
number  of  deep  rents  and  ravines,  which  diverge  on  all  sides  like  the 
spokes  of  a  wheel,  from  near  the  central  axis  to  the  circumference  or 
base  of  the  cone,  as  in  the  case  of  Palma,  Cantal,  and  Tenerifie.  Yet 
the  entire  absence  of  such  divergent  fissures  or  ravines,  in  such  cases 
as  Monte  Nuovo,  Somma,  or  Etna,  is  passed  by  unnoticed,  and  ap- 
pears to  have  raised  in  their  minds  no  objection  to  their  favourite 
theory. 

It  is,  indeed,  admitted  by  M.  Dufr^noy  that  there  are  some  facts 
which  it  is  very  difiicult  to  reconcile  with  his  own  view  of  Porzio's 
record.  Thus,  for  example^  there  are  certain  Roman  monuments  at 
the  base  of  Monte  Nuovo,  and  on  the  borders  of  Lake  Avernus,  such 

*  Mem.  de  la  Soc  Geol.  de  France,  torn.  iL  p.  91. 
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as  the  templeB  of  Apollo  (before  mentioned)  and  Floto^  wUdi  ia: 
aeem  to  hare  suffered  in  tiie  least  degree  bj  the  snpposed 
^The  walls  whieh  still  exist  have  preserved  their  vertieal 
and  the  vaults  are  in  the  same  state  as  other  mimnments  on  the 
of  the  Bajof  BaisB.    The  long  gallery  which  led  to  the  BSbyVn  Chff%^ 
on  the  other  side  of  Lake  Ayemos^  has  in  like  manner 
the  roof  of  the  gallerj  remaining  perfectly  horisontaly  the 
being  that  the  sml  of  the  chamber  in  which  the  8ib^  gaiw 
orades  is  now  covered  b j  a  few  inches  of  water,  which 
dioatos  a  slight  akeratioii  in  the  level  of  Lake  Avemiis.**    On 
soppositioii,  then,  that  pre-existing  beds  of  pomieeoos  Udt 
upraised  in  1588,  so  as  to  form  Monte  Noovo^  it  is  acknowledlgeli 
the  perfectly  undisturbed  state  of  the  contiguous  soil  on  wUdi 
ancient  monuments  stand,  is  very  diflbrent  from  wliat  might  have  I 
ezpeeted. 

Mr.  Darwin,  in  his  ^Volcanic  Islands,"  has  described  several 
form  hiUsin  the  Gali^Migos  Archipelago  as  oomposed  of  tofP  wMshl 
evidently  flowed  like  mud,  and  yet  on  consolidating  has 
inclination  of  twenty  and  even  thirty  degrees.  The  toflT  does 
in  continuous  sheets  round  the  hills  as  would  have  happened  if  litf] 
had  been  formed  by  the  upheaval  of  horizontal  layers.  The  aottor 
describes  the  composition  of  the  tuff  as  very  similar  to  that  of  Moots 
NuoYO,  and  the  high  angles  at  which  the  beds  slope,  both  those  whick 
have  flowed  and  those  which  have  fallen  in  the  form  of  S8liei» 
entirely  removes  the  difficulty  supposed  by  M.  Dufrenoy  to  eziit 
in  regard  to  the  slope  of  Monte  Nuovo,  where  it  exceeds  an  sngie 
of  18°  to  20^  t  Mr.  Dana,  also,  in  his  account  of  the  Sandwkh 
Islands^  shows  that  in  the  '* cinder  cones"  of  that  region,  the  strsto 
have  an  original  inclination  of  between  35°  and  40%  wlule  in  tha 
*'  tufa  cones  "  formed  near  the  sea,  the  beds  slope  at  about  an  angle  of 
30°.  The  same  naturalist  also  observed  in  the  Samoan  or  Navigttsr 
Islands  in  Polynesia,  that  fragments  of  fresh  coral  had  been  thnnrs 
up  together  with  volcanic  matter  to  the  height  of  200  feet  above  the 
level  of  the  sea  in  cones  of  tufa.  § 

I  shall  again  revert  to  the  doctrine  of  the  origin  of  volcanic  eooei 
by  upheaval,  when  speaking  of  Vesuvius,  Etna,  and  Santorin,  sal 
shall  now  merely  add,  that,  in  1538,  the  whole  coast,  from  IbsH 
Nuovo  to  beyond  Puzzuoli,  was  upraised  to  the  height  of  many  CnI 
above  the  bed  of  the  Mediterranean,  and  has  since  retained  ttl 
greater  part  of  the  elevation  then  acquired.  The  proofs  of  tlMi 
remarkable  changes  of  level  will  be  considered  at  length  when  tin 
phenomena  of  the  temple  of  Serapis  are  described.  | 

Vokanos  of  the  Phlegncan  Fields, — Immediately  adjoining  Msiil 
Nuovo  is  the  larger  volcanic  cone  of  Monte  Barbaro  (2,  fig.  43*  p.  Xt\ 
the  "Gaurus  inanis'*  of  Juvenal — an  appellation  given  to  it  probablf 


*  Dufrenoy,  Mem.  pour  seirir,  &c  Expedition,  in  1S38 — IS4a,p.854i 

p.  277.  §  Ibid.  p.  SS8. 

Darwin*t  Volcanic  Islands,  106.  note.  I  Seo  cbap.  29* 
Geology  of  the  American  Exploring 
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from  its  deep  circalar  crater,  which  is  aboat  a  mile  in  diameter. 
Large  as  is  this  cone,  it  was  probably  produced  hy  a  single  eruption  ; 
uid  it  does  not,  perhaps,  exceed  in  magnitude  some  of  the  largest  of 
those  formed  in  Ischia,  within  the  historical  era.  It  is  composed 
^hieflj  of  indurated  tufa  like  Monte  Nnovo,  stratified  conformably 
k>  its  conical  surface.  This  hill  was  once  very  celebrated  for  its 
¥ines,  and  is  still  covered  with  vineyards ;  but  when  the  vine  is  not 
a  leaf  it  has  a  sterile  appearance,  and,  late  in  the  year,  when  seen 
rom  the  beautiful  Bay  of  Baias,  it  often  contrasts  so  strongly  in 
rerdure  with  Monte  Nuovo>  which  is  always  clothed  with  arbutus, 
Djrtle,  and  other  wild  evergreens,  that  a  stranger  might  well 
magine  the  cone  of  older  date  to  be  that  thrown  up  in  the  sixteenth 
jentury.* 

There  is  nothing,  indeed,  so  calculated  to  instruct  the  geologist  as 
lie  striking  manner  in  which  the  recent  volcanic  hills  of  Ischia,  and 
liat  now  under  consideration,  blend  with  the  surrounding  landscape. 
.Nothing  seems  wanting  or  redundant ;  every  part  of  the  picture  is 
n  8uch  perfect  harmony  with  the  rest,  that  the  whole  has  the 
ippearance  of  having  been  called  into  existence  by  a  single  efibrt  of 
creative  power.  Yet  what  other  result  could  we  have  anticipated 
f  natare  has  ever  been  governed  by  the  same  laws  ?  Each  new 
Doontain  thrown  up  —  each  new  tract  of  land  raised  or  depressed  by 
sarthquakes  —  should  be  in  perfect  accordance  with  those  previously 
omaedy  if  the  entire  configuration  of  the  surface  has  been  due  to  a 
ong  series  of  similar  disturbances.  Were  it  true  that  the  greater 
lart  of  the  dry  land  originated  simultaneously  in  its  present  state,  at 
ome  era  of  paroxysmal  convulsion,  and  that  additions  were  after-  . 
rards  made  slowly  and  successively  during  a  period  of  comparative 
«pose ;  then,  indeed,  there  might  be  reason  to  expect  a  strong  line 
if  demarcation  between  the  signs  of  the  ancient  and  modern  changes* 
)at  the  very  continuity  of  the  plan,  and  the  perfect  identity  of  the 
aases,  are  to  many  a  source  of  deception ;  since  by  producing  a  unity 
<i  effect,  they  lead  them  to  exaggerate  the  energy  of  the  agents  which 
operated  in  the  earlier  ages.  In  the  absence  of  all  historical  informa- 
ioDy  they  are  as  unable  to  separate  the  dates  of  the  origin  of  difierent 
KUtions  of  our  continents,  as  the  stranger  is  to  determine,  by  their 
physical  features  alone,  the  distinct  ages  of  Monte  Nuovo,  Monte 
larbaro^  Astroni,  and  the  Solfatara. 

The  vast  scale  and  violence  of  the  volcanic  operations  in  Campania, 
a  the  olden  time,  has  been  a  theme  of  declamation,  and  has  been 
iODtrasted  with  the  comparative  state  of  quiescence  of  this  delightful 
r^on  in  the  modern  era.  Instead  of  inferring,  from  analogy,  that 
he  ancient  Vesuvius  was  always  at  rest  when  the  craters  of  the 
Phlegrsean  Fields  were  burning  — that  each  cone  rose  in  suc- 
ietsion,  —  and  that  many  years,  and  often  centuries,  of  repose  inter- 
rened  between  difierent  eruptions,  —  geologists  seem  to  have  generally 

♦  Hamilton  (writing  in  1770)  says,  Phlcgrai,  p.  69.  This  remark  was  no 
'  the  new  mountain  prodnces  as  yet  but  longer  applicable  when  I  saw  it,  in 
i   yerj   aiender   vegetation."  — Campi    1S28. 
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conjectured  that  tlie  whole  group  sprung  up  from  the  groand  at  i 
like  the  soldiers  of  Cadmus  when  he  sowtd  the  dragon's  teeth- 
well  might  they  endeavour  to  persuade  ua  tlmt  on  these 
Fields,  as  the  poets  feigned,  the  giants  warred  with  Jove,  ere  7M 
puny  race  of  mortals  were  in  being. 

Modem  truptiont  of  Vatavius,  —  For  nearly  a  century  after  df 
birth  of  Monte  Nuovo,  Vesuvius  continued  in  a  state  of 
quillity.  There  had  then  been  do  violent  eruption  for  492  Jtutf 
and  it  appears  that  the  crater  was  then  exactly  in  the  oondttica  d 
the  present  extinct  volcano  of  A^troni,  near  Naples.  Bracini.  vM 
visited  Vesuvius  not  long  before  the  eruption  of  1631,  gives  tit 
following  interesting  descripliou  of  the  interior:  —  "The  crater 
Ave  miles  in  circumference,  and  about  a  thousand  paces  dc«p 
sides  were  covered  with  brushwood,  and  at  the  bottom  tiiere  w: 
plain  ou  which  cattle  grased.  In  the  woody  parts  wild  boars  freqnittif 
iiarhoured.  In  one  part  of  the  plain,  covered  with  ashes,  were  tb 
small  pools,  one  filled  with  hot  and  bitter  water,  anotlier  ari 
than  the  sea,  and  a  third  bot,  but  tasteless."*  But  at  lengtb  ^ 
forests  and  grassy  plains  were  consumed,  being  suddenly  blowa  ■ 
the  air,  and  tlieir  ashes  scattered  to  the  winds.  In  Det^mber,  IS 
seven  streams  of  lava  poured  at  once  from  the  crater,  and  overtM 
several  villages,  on  the  flanks  and  at  the  foot  of  the  monaa 
Resina,  partly  built  over  the  ancient  site  of  Ilerculaneum,  wuc^' 
sumed  by  the  fiery  torrent.  Great  floods  of  mud  were  aa  destrocBW 
as  the  lava  itself, — no  uncommon  occurrence  during  these  MB* 
strophes  ;  for  such  is  the  violence  of  rains  produced  by  the  evoliit«*> 
of  aqueous  vapour,  that  torrents  of  water  descend  the  coae,  mi 
becoming  charged  with  impalpable  volcanic  dust,  and  rolling 
loose  ashes,  acquire  sufficient  consistency  to  deserve  their  oidiaCT 
appellation  of  "aqueous  lavas." 

A  brief  period  of  repose  ensued,  which  lasted  only  until  ibe  1* 
1666,  from  which  time  to  the  present  there  has  been  a  constant 
of  eruptions,  with  rarely  an  interval  of  rest  exceeding  tea  p«* 
During  these  three  centuries,  no  irregular  volcanic  agency  h«  **■ 
vulaed  other  points  in  tliis  district.  Brieslak  remarked,  tint  ^ 
irregular  convulsions  had  occurred  in  the  Bay  of  Naples  i>  "4 
second  century ;  as,  for  example,  the  eruption  of  the  ScUiMnf 
in  tlie  twelfth ;  of  the  lava  of  Arso,  in  Ischia,  in  the  foorlMittl 
and  of  Monte  Nuovo  in  the  sixteenth  :  but  the  eighteenth  hai ' 
an  exception  to  this  rule,  and  this  seems  accounted  for  by  ibt  *" 
precedentcd  number  of  eruptions  of  Vesuvius  during  that  pS*' 
whereas,  when  the  new  vents  opened,  there  had  alimys  *"*^5 
we  have  eecn,  a  long  iDtermitteoce  of  activity  ia  llw  fffriP 
volcano. 
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CHAPTER  XXIV. 

YOLCANIC  DISTRICT  OF  NAPLES — continued. 

38  and  strnctarc  of  the  cone  of  Vesayios — Floiditj  and  motion  of  lava — 
-AllaviamB  called  *'aqaeoas  lavas " — Origin  and  composition  of  the 
enveloping  Herculaneom  and  Pompeii — Condition  and  contents  of  the 
cities — Small  number  of  skeletons — State  of  preservation  of  animal  and 
)le  substances — Bolls  of  papyrus— Stabis — Torre  del  Greco — Concluding 
B  on  the  Campanian  volcanos. 

re  of  the  cone  of  Vesuvius. — Between  the  end  of  the 
ith  century  and  the  year  1822,  the  great  crater  of  Vesuvius 
in  gradually  filled  by  lava  boiling  up  from  below,  and  by 
ailing  from  the  explosions  of  minor  mouths  which  were  formed 
7als  on  its  bottom  and  sides.  In  place  of  a  regular  cavity, 
e,  there  was  a  rough  and  rocky  plain,  covered  with  blocks  of 
I  scoriae,  and  cut  by  numerous  fissures,  from  which  clouds  of 
were  evolved.  But  this  state  of  things  was  totally  changed 
eruption  of  October,  1822,  when  violent  explosions,  during 
e  of  more  than  twenty  days,  broke  up  and  threw  out  all  this 
ated  mass,  so  as  to  leave  an  immense  gulf  or  chasm,  of  an 
r,  but  somewhat  elliptical  shape,  about  three  miles  in  circum- 
s^hen  measured  along  the  very  sinuous  and  irregular  line  of 
ime  margin,  but  somewhat  less  than  three  quarters  of  a  mile 
agest  diameter,  which  was  directed  from  N.E.  to  S.  W.*  The 
f  this  tremendous  abyss  has  been  variously  estimated ;  for 
\  hour  of  its  formation  it  increased  daily  by  the  dilapidation 
les.  It  measured,  at  first,  according  to  the  account  of  some 
two  thousand  feet  in  depth  from  the  extreme  part  of  the 
summit  f ;  but  Mr.  Scrope,  when  he  saw  it,  soon  after  the 
,  estimated  its  depth  at  less  than  half  that  amount.  More 
;ht  hundred  feet  of  the  cone  was  carried  away  by  the  ex- 
,  so  that  the  mountain  was  reduced  in  height  from  about  4200 
feetf 

i  ascend  the  sloping  sides,  the  volcano  appears  a  mass  of  loose 
8 — a  mere  heap  of  rubbish,  thrown  together  without  the 
order ;  but  on  arriving  at  the  brim  of  the  crater,  and 
g  a  view  of  the  interior,  we  are  agreeably  surprised  to  dis- 
at  the  conformation  of  the  whole  displays  in  every  part  the 
•feet  symmetry  and  arrangement.  The  materials  are  disposed 
ar  strata,  slightly  undulating,  appearing,  when  viewed  in 

nnt  of  the  Eruption  of  Ve-  f  Mr.  Forbes,  Account  of  Mount  Ve- 
i  October,  1822,  by  G.  P.  suvius,  Edin.  Joum.  of  ScL  No.  xviil 
sq.,  Joum.  of  Sci.  &c.  vol.  xv.    p.  195.     Oct.  1828. 

X  Ibid.  p.  194. 
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troDt,  to  be  dispoied  in  horisontal  planes.  But,  as  we  make  lie 
diciiit  of  the  edge  of  the  crater,  and  observe  the  cHflb  bj  wfaieli  it  ii 
eneirded  prcjeeting  or  receding  in  salient  or  retiring  angles  «a 
behold  transverse  sections  of  the  currents  of  lava  and  beds  of  Mii 
and  scorin,  and  recognise  their  true  dip.  We  then  discover  thai 
thef  incline  outwards  from  the  axis  of  the  cone,  at  angles  vaiyisf 
from  30^  to  40^  The  whole  cone,  in  fact,  is  composed  q(  a  noahsr 
of  concentric  coatings  of  alternating  lavas,  sand,  and  scoriss.  Swmf 
shower  of  ashes  which  has  fallen  from  above,  and  every  stnaai  if 
lava  descending  fitnn  the  lips  of  the  crater,  have  confomed  to  Iks 
outward  surface  of  the  hill,  so  that  one  conical  envelope  maf  be  mU 
to  have  been  successivebf  folded  round  another,  until  the  ag 
of  the  whole  mountain  was  completed.  The  marked  separatioo  inli 
distinct  beds  results  from  the  different  colours  and  degrees  of  coana* 
ness  in  the  sands»  scoriaa,  and  lava,  and  the  alternation  of  these  wiA 
each  other.  The  greatest  difficulty,  on  the  first  view,  is  to 
how  so  much  r^^ularity  can  be  produced,  notwithstanding  the 
distribution  of  sand  and  scoriaa^  driven  bj  prevailing  winds  in  par-^ 
ticular  eruptions^  and  the  small  breadth  of  each  sheet  of  lava  asll 
first  flows  out  from  the  crater. 

But,  on  a  closer  examination,  we  find  that  the  appearaaee  sf 
extreme  uDiformitj  is  delusive  ;  for  when  a  number  of  beds  thin  out 
gradually,  and  at  different  points,  the  eye  does  not  without  difficulty 
recognize  the  termination  of  any  one  stratum,  but  usually  supposes  it 
continuous  with  some  other,  which  at  a  short  distance  may  lie  pre* 
cisely  in  the  same  plane.  The  slight  undulations,  moreover,  produced 
by  inequalities  on  the  sides  of  the  hill  on  which  the  successive  Itycn 
were  moulded,  assist  the  deception.  As  countless  beds  of  sand  and 
scorisD  constitute  the  greater  part  of  the  whole  mass,  these  may  some- 
times mantle  continuously  round  the  whole  cone ;  and  even  Uti 
streams  may  be  of  considerable  breadth  when  first  they  overflow, 
and  since,  in  some  eruptions,  a  considerable  part  of  the  upperportioa 
of  the  cone  breaks  down  at  once,  may  form  a  sheet  extending  is  ^ 
as  the  space  which  the  eye  usually  takes  in,  in  a  single  section. 

The  high  inclination  of  some  of  the  bedii*,  and  the  firm  union  rf 
the  particles  even  where  there  is  evidently  no  cement,  is  another 
striking  feature  in  the  volcanic  tuffs  and  breccias,  which  seems  at  first 
not  very  easy  of  explanation.     But  the  last  great  eruption  afforded 
ample  illustration  of  the  manner  in  which  these  strata  are  formed. 
Fragments  of  lavn,  scoria},  pumice,  and  sand,  when  they  fall  at  slight 
distances  from  the  summit,  are  only  half  cooled  down  from  a  state  oi 
fusion,  and  are  afterwards  acted  upon  by  the  heat  from  within,  sad 
by  fumeroles  or  small  crevices  in  the  cone  through  which  hot  vapours 
are  disengaged.     Thus  heated,  the  ejected  fragments  cohere  tc^ther 
strongly ;  and  the  whole  mass  acquires  such  consistency  in   a  few 
days,  that  fragments  cannot  be  detached  without  a  smart  blow  of  tho 
hammer.     At  the  same  time  sand  and  scoria^  ejected  to  a 
distance,  remain  incoherent.* 

•  Monticelli  and  Coyelli,  Storia  di  Fcnon.  del  Vesav.  en  ISSl-Sa. 
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Sir  William  Hamilton,  in  his  description  of  the  eruption  of  1779, 
says,  that  jets  of  liquid  lava,  mixed  with  stones  and  scorias,  were 
thrown  up  to  the  height  of  at  least  ten  thousand  feet,  having  the 
appearance  of  a  column  of  fire,*  Some  of  these  were  directed  by  the 
winds  towards  Ottajano,  and  some  of  them,  falling  almost  perpendi- 
cularly, still  red  hot  and  liquid,  on  Vesuvius,  covered  its  whole  cone, 
part  of  the  mountain  of  Somma,  and  the  valley  between  them.  The 
falling  matter  being  nearly  as  vividly  inflamed  as  that  which  was 
continually  issuing  fresh  from  the  crater,  formed  with  it  one  complete 
body  of  fire,  which  could  not  be  less  than  two  miles  and  a  half  in 
breadth,  and  of  the  extraordinary  height  above  mentioned,  casting  a 
heat  to  the  distance  of  at  least  six  miles  round  it.  Dr.  Clarke,  also, 
in  his  account  of  the  eruption  of  1793,  says  that  millions  of  red-hot 
stones  were  shot  into  the  air  full  half  the  height  of  the  cone  itself, 
and  then  bending,  fell  all  round  in  a  fine  arch.  On  another  occasion 
he  says  that,  as  they  fell,  they  covered  nearly  half  the  cone  with 
fire. 

The  same  author  has  also  described  the  difi*erent  appearance  of  the 
lava  at  its  source,  and  at  some  distance  from  it,  when  it  had  descended 
into  the  plains  below.  At  the  point  where  it  issued,  in  1 793,  from 
an  arched  chasm  in  the  side  of  the  mountain,  the  vivid  torrent  rushed 
with  the  velocity  of  a  fiood.  It  was  in  perfect  fusion,  unattended 
with  any  scorias  on  its  surface,  or  any  gross  materials  not  in  a  state 
of  complete  solution.  It  flowed  with  the  translucency  of  honey,  "  in 
regular  channels,  cut  finer  than  art  can  imitate,  and  glowing  with  all 
the  splendour  of  the  sun."  —  "  Sir  William  Hamilton,"  he  continues, 
*'  had  conceived  that  no  stones  thrown  upon  a  current  of  lava  would 
make  any  impression.  I  was  soon  convinced  of  the  contrary.  Light 
bodies,  indeed,  of  five,  ten,  and  fifteen  pounds'  weight,  made  little  or 
no  impression  even  at  the  source ;  but  bodies  of  sixty,  seventy,  and 
eighty  pounds  were  seen  to  form  a  kind  of  bed  on  the  surface  of  the 
lava,  and  fioat  away  with  it.  A  stone  of  three  hundred  weight,  that 
bad  been  thrown  out  by  the  crater,  lay  near  the  source  of  the  current 
of  lava :  I  raised  it  upon  one  end,  and  then  let  it  fall  in  upon  the 
liquid  lava ;  when  it  gradually  sunk  beneath  the  surface,  and  dis- 
appeared. If  I  wished  to  describe  the  manner  in  which  it  acted  upon 
the  lava,  I  should  say  that  it  was  like  a  loaf  of  bread  thrown  into  a 
bowl  of  very  thick  honey,  which  gradually  involves  itself  in  the  heavy 
liquid,  and  then  slowly  sinks  to  the  bottom. 

"  The  lava,  at  a  small  distance  from  its  source,  acquires  a  darker 
tint  upon  its  surface,  is  less  easily  acted  upon,  and,  as  the  stream 
widens,  the  surface,  having  lost  its  state  of  perfect  solution,  grows 
harder  and  harder,  and  cracks  into  innumerable  fragments  of  very 
porous  matter,  to  which  they  give  the  name  of  scoriae,  and  the 
appearance  of  which  has.  led  many  to  suppose  that  it  proceeded  thus 
from  the  mountain.  There  is,  however,  no  truth  in  this.  All  lava, 
at  its  first  exit  from  its  native  volcano,  flows  out  in  a  liquid  state, 
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and  ftU  equally  in  fusion.    The  appearance  of  the  scoria  ia  to 
attrihated  onlj  to  the  action  of  the  external  air,  and  not  to 
diffirenoe  in  the  materials  which  compose  it^  since  anjlafa  whaleve^^ 
separated  frmn  its  channel^  and  eiq>osed  to  the  action  of  the  eziansi' 
air,  immediately  cracks^  becomes  poroasy  and  alters  its  form.    As  w§f 
proceeded  downward,  this  became  more  and  mmre  evident;  aad  lh»' 
same  lava  which  at  its  original  sooroe  flowed  in  perfect  solntisi^ 
nndividedy  and  free  from  incumbrances  of  any  kind,  a  Ittde  farthir 
down  had  its  surface  loaded  with  the  scori»  in  such  a  maanerp  thi( 
upoa  its  arrival  at  the  bottom  of  the  mountaini  the  whole  cumil 
resembled  nothing  so  much  as  a  heap  of  unconnected  cindaa  flea 
an  iron-foundry.''    In  another  place  he  says,  that  ''the  riven  of  Isie 
in  the  plain  resembled  a  vast  heap  of  cindens  or  the  scori»  of  an  Imk 
foundry,  rolling  slowly  along,  and  falling  with  a  rattling  noise  OfW 
one  another.*^    Von  Buch,  who  was  in  company  with  MIL  h' 
Humboldt  and  Gay-Lussac,  describes  the  Uva  of  1805  (the  most  §M 
ca  record)  as  shooting  suddenly  before  their  eyes  from  top  to  bottoa 
of  the  cone  in  one  ringle  instant    Professor  J.  D.  Forbes  resMriii 
that  the  length  of  the  slope  of  the  cone  proper  being  about  ISOOfiilb 
this  motion  must  correspond  to  a  velocity  of  many  hundred  feet  is 
a  few  seconds,  without  interpreting  Von  Buch's  ezpresrion  lilenl|^ 
The  same  lava,  when  it  reached  the  level  road  at  Torre  del  Greeo^ 
moved  at  the  rate  of  onlj  eighteen  inches  per  minute,  or  three  tenths 
of  an  inch  per  8econd.f     *'  Although  common  lava,"  observes  Pro- 
fessor Forbes,  **  is  nearly  as  liquid  as  melted  iron,  when  it  issues  from 
the  orifice  of  the  crater,  its  fluidity  rapidly  diminishes,  and  as  it 
becomes'  more  and  more  burdened  by  the  consolidated  slag  through 
which  it  has  to  force  its  way,  its  velocity  of  motion  diminishes  in  in 
almost  inconceivable  degree ;  and  at  length,  when  it  ceases  to  present 
the  slightest  external  trace  of  fluidity,  its  movement  can  only  be 
ascertained  by  careful  and  repeated  observations,  just  as  in  the  esse 
of  a  glacier.''^ 

It  appears  that  the  intensity  of  the  light  and  heat  of  the  lavs 
varies  considerably  at  different  periods  of  the  same  eruption,  as  in 
that  of  Vesuvius  in  1819  and  1820,  when  Sir  H.  Davy  remarked 
different  degrees  of  vividness  in  the  white  heat  at  the  point  where  the 
lava  originated. § 

When  the  expressions  *'  flame  "  and  **  smoke  "  are  used  in  describing 
volcanic  appearances,  they  must  generally  be  understood  in  a  figora* 
tive  sense.  We  are  informed,  indeed,  by  M.  Abich,  that  he  distinctly 
saw,  in  the  eruption  of  Vesuvius  in  1834,  the  flame  of  burning 
hydrogen  || ;  but  what  is  usually  mistaken  for  flame  consists  of  vapour 
or  scoriae,  and  impalpable  dust  illuminated  by  that  vivid  light  which 
is  emitted  from  the  crater  below,  where  the  lava  is  said  to  glow  with 
the  splendour  of  the  sun.  The  clouds  of  apparent  smoke  are  formed 
either  of  aqueous  and  other  vapour,  or  of  finely  comminuted 


*  Otter*R  Life  of  Dr.  Clarke.  fl  BaHetin  de  la  Soc  G^oL  de  Fnnra* 

JPhiL  Trans.  1846,  p.  154.  torn.  vii.  p.  43. ;  and  Ulustrationi  of  Ve> 

Ibid.  p.  148.  §  Ibid.  p.  241.    sariiu  and  Etna,  p.  8. 
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Dikes  in  the  reeeni  cane^  how  formed, — The  inclined  strata  before 
mentioned  which  dip  outwards  in  all  directions  from  the  axis  of  the 
cone  of  Yesuvias^  are  intersected  bj  veins  or  dikes  of  compact  lava, 
for  the  most  part  in  a  vertical  position.  In  1828  these  were  seen  to 
be  about  seven  in  number,  some  of  them  not  less  than  four  or  five 
hnndred  feet  in  height,  and  thinning  out  before  they  reached  th» 
uppermost  part  of  the  cone.  Being  harder  than  the  beds  through 
which  thej  pass,  they  have  decomposed  less  rapidly,  and  therefore 
stand  out  in  relief.  When  I  visited  Vesuvius,  in  November  1828, 1 
was  prevented  from  descending  into  the  crater  by  the  constant 
ejections  then  thrown  out;  so  that  I  got  sight  of  three  only  of  the 
dikes ;  but  Signor  Monticelli  had  previously  had  drawings  made  of 
the  whole,  which  he  showed  me.  The  dikes  which  I  saw  were  on 
that  side  of  the  cone  which  is  encircled  by  Somma.  The  eruption 
before  mentioned,  of  1828,  began  in  March,  and  in  the  November 
following  the  ejected  matter  had  filled  up  nearly  one-third  of  the 
deep  abyss  formed  at  the  close  of  the  eruption  in  1822.  In  November 
I  found  a  single  black  cone  at  the  bottom  of  the  crater  continually 
throwing  out  scoria:,  while  on  the  exterior  of  the  cone  I  observed  the 
lava  of  1822,  which  had  flowed  out  six  years  before,  not  yet  cool,  and 
tdll  evolving  much  heat  and  vapour  from  crevices. 

Hoffmann,  in  1832,  saw  on  tilie  north  side  of  Yesnvins,  near  the 
peak  called  Palo,  a  great  many  parallel  bands  of  lava,  some  from  six 
to  eight  feet  thick,  alternating  with  scorias  and  conglomerate.  These 
beds,  he  says,  were  cut  through  by  many  dikes,  some  of  them  five 
feet  broad.  They  resemble  those  of  Somma,  the  stone  being  com- 
posed of  grains  of  leucite  and  augite.* 

There  can  be  no  doubt  that  the  dikes  above  mentioned  have  been 
produced  by  the  filling  up  of  open  fissures  with  liquid  lava ;  but  of 
the  date  of  their  formation  we  know  nothing  farther  than  that  they 
are  all  subsequent  to  the  year  79,  and,  relatively  speaking,  that  they 
are  more  modern  than  all  the  lavas  and  scorise  which  they  intersect. 
A  considerable  number  of  the  upper  strata  are  not  traversed  by  them. 
That  the  earthquakes,  which  dmost  invariably  precede  eruptions, 
occasion  rents  in  the  mass,  is  well  known;  and,  in  1822,  three  months 
before  the  lava  flowed  out,  open  fissures,  evolving  hot  vapours,  were 
numerous.  It  is  clear  that  such  rents  must  be  ejected  with  melted 
matter  when  the  column  of  lava  rises,  so  that  the  origin  of  the  dikes 
is  easily  explained,  as  also  the  great  solidity  and  crystalline  nature  of 
the  rock  composing  them,  which  has  been  formed  by  lava  cooling 
alowly  under  great  pressure. 

It  has  been  suggested  that  the  frequent  rending  of  volcanic  cones 
during  eruptions  may  be  connected  with  the  gradual  and  successive 
upheaval  of  the  whole  mass  in  such  a  manner  as  to  increase  the 
inclination  of  the  beds  composing  the  cone ;  and  in  accordance  with 
the  hypothesis  before  proposed  for  the  origin  of  Monte  Nuovo,  Von 
Buch  suj^poses  that  the  present  cone  of  Vesuvius  was  formed  in  the 

*  Geognost  Bcobachtnngen,  &c  p.  182.    Berlin,  1839. 
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76ir  7%  not  bf  eniptiiNi,  but  bj  npheavftL    It  wts  not 
bj  the  repotted  laperpoeitioQ  of  Bcoriie  and  Uva  cast  out  or 
firam  a  oentral  iooree,  bat  by  the  uplifting  of  strata  fimhm^] 
horiaontaL    Hie  entire  cone  rose  at  once»  sack  as  we  now  aaal|^ 
from  the  intemr  and  middle  of  Somma,  and  has  since  received  ao  as* 
cession  of  height^  bat^  on  the  contrarji  has  cTor  since  been  ilimiiiifci 
ing  in  deration.* 

AMhoagh  I  consider  this  hypothesis  of  Von  Bach  to  be  qnila  «^ 
tenaUfl^  I  maj  mention  stnne  facts  which  may  at  first  sight  aasm  li 
fiiTOor  it.  These  are  recorded  by  IL  Abich  in  his  aoooont  of  As 
YesoTian  eroptions  of  1883  and  1834^  a  work  illustrated  by  ezedM 
engrawigs  of  the  volcanic  phenomena  which  he  witnessed,  f  It  sp- 
pears  that^  in  the  year  1834,  the  great  crater  of  Vesnvias  bad  bsen 
filled  up  nearly  to  the  top  with  lava,  which  had  consolidated  sal 
formed  a  level  and  unbroken  plain,  exc^t  that  a  small  cone  tliniva 
up  by  the  ejection  of  scoria  rose  in  the  middle  of  it  like  an  idaaiia 
a  lake.  At  length  this  plain  of  lava  was  bnAen  by  a  fissure  wlkl 
passed  from  N.  E.  to  S.  W.,  and  along  this  line  a  great  numb«  d 
minute  cones  emitting  Vapour  were  formed.  The  first  act  of  torn* 
ation  of  these  minor  cones  is  said  to  have  consisted  of  a  psfttf 
upheaval  of  beds  of  lava  previously  horizontal,  and  which  had  bsea 
rendered  flexible  by  the  heat  and  tension  of  elastic  fluids,  which, 
rising  from  below,  escaped  from  the  centre  of  each  new  monticule. 
There  would  be  considerable  analogy  between  this  mode  of  origin  and 
that  ascribed  by  Yon  Buch  to  Vesuvius  and  Somma,  if  the  dimensions 
of  the  upraised  masses  were  not  on  so  diflerent  a  scale,  and  if  it  wts 
safe  to  reason  from  the  inflation  of  bladders  of  half-fused  lava,  froni 
fifteen  to  twenty-flve  feet  in  height,  to  mountains  attaining  an  alti- 
tude  of  several  thousand  feet,  and  having  their  component  strati 
strengthened  by  intersecting  dikes  of  solid  lava. 

At  the  same  time  M.  Abich  mentions,  that  when,  in  August  1834^ 
a  great  subsidence  took  place  in  the  platform  of  lava  within  the  great 
crater,  so  that  the  structure  of  the  central  cone  was  laid  open,  it  wts 
seen  to  have  been  evidently  formed,  not  by  upheaval,  but  by  the  fiJl 
of  cinders  and  scoriae  which  had  been  thrown  out  during  successive 
eruptions.  \ 

Previous  to  the  year  79,  Vesuvius  appears,  from  the  description  of 
its  figure  given  by  Strabo,  to  have  been  a  truncated  cone,  having  a 
level  and  even  outline  as  seen  from  a  distance.  That  it  had  a  crater 
on  its  summit,  we  may  infer  from  a  passage  in  Plutarch,  on  which 
Dr.  Daubeny  has  judiciously  commented  in  his  treatise  on  volcanos.§ 
The  walls  of  the  crater  were  evidently  entire,  except  on  one  side, 
where  there  was  a  single  narrow  breach.  When  Spartacus,  in  the  year 
72,  encamped  his  gladiators  in  this  hollow,  Clodius,  the  pnetor,  be* 
sieged  him  there,  keeping  the  single  outlet  carefully  guarded,  and 
then  let  down  his  soldiers  by  scaling  ladders  over  the  steep  preeipicei 

•  Von  Buch,  Deucrip.  PHts.  des  Des    but  le  Vesnvc  ct  rEtna.    Berhn,  1S37. 
Cwumet.  p.  342.     Park,  1836.  1  Ibid-  p.  2. 

t  ViieiI]liift.deFbenooLG«oLOb0err.       §  2d  ecUt.  1S4S,  p.  SISL 
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irhich  Burronnded  the  crater,  at  the  bottom  of  vhich  the  inanrgents 
•rere  encamped.  On  the  side  towards  the  sea,  the  walls  of  this  original 
ATitj,  which  mast  have  been  three  miles  in  diameter,  have  been  de< 
itrojed,  aod  Breislak  was  the  first  to  announce  the  opinion  that  this 
destruction  happened  during  the  tremendous  eruption  which  occurred 
ID  79,  when  the  new  cone,  now  called  VesuTins,  was  thrown  up, 
which  stands  eudrcled  on  three  sides  bj  the  ruins  of  the  ancient  cone, 
called  Monte  Somma. 

In  the  annexed  diagram  (fig.  45.)  it  will  be  seen  that  on  the  «de 
of  Vesuvius  opposite  to  that  where  a  portion  of  the  ancient  cone  of 
a  (a)  still  remains,  is  a  projection  (&)  colled  the  Fedamcntina, 


Fl».«. 


ttsiis' 


which  some  have  supposed  to  be  part  of  the  circumference  of  the 
ancieut  crater  broken  down  towards  the  sea,  and  over  the  edge  of 
which  the  lavas  of  the  modern  Vesuvius  have  poured;  the  axis  of 
the  present  cone  of  Vesuvius  being,  according  to  Visconti,  preciseljr 
equidistant  from  the  escarpment  of  Somma  and  the  Pedamentioa. 

In  the  same  diagram  I  have  represented  the  slanting  beds  of  the 
cone  of  Vesuvius  as  becoming  horizontal  in  the  Atrio  del  Cavallo 
(at  c),  where  the  base  of  the  new  cone  meets  the  precipitous  escarp- 
inent  of  Somma ;  for  when  the  lava  flows  down  to  this  point,  as 
happened  in  1822,  its  descending  course  is  arrested,  and  it  then  runs 
in  another  direction  along  this  email  valley,  circling  round  the  base 
of  the  cone.  Sand  and  scorife,  also,  blown  hj  the  winds,  collect  at  the 
base  of  the  cone,  and  are  then  swept  away  by  torrents ;  so  that  there 
u  always  here  a  flattish  plain,  as  represented.  In  the  same  manner, 
the  smalt  interior  cone  (/)  must  be  composed  of  sloping  beds,  termi- 
nating in  a  horizontal  plain ;  for,  while  this  monticule  was  gradually 
gaining  height  by  successive  ejections  of  lava  and  scoriee,  in  1828, 


rSSt  asonoH  OT  ■mvrun  asd  somu.      rca.xxir: 

h  wu  ilw^  nuToonded  bj  «  flat  pool  of  Mmi-flaid  Isva,  Into  wJndi 
•oocia  ud  wnd  won  thrown. 

bt  the  steep  Mmidronkr  eeoupment  of  Soiiiiiui,iihlcb  fncee  Um 
modem  VemTiai,  we  see  e  gieet  number  of  aheeta  of  lava  indiiurf 
■t  ■&  u^  of  about  26°.  Thej  alternate  with  acniit,  anil  ue  b- 
teraaeled  I7  nnmennu  dikea,  which,  like  the  aheetfi  uf  Invo,  in 
Qompoiad  ddtAj  of  angite^  with  ciTstala  of  lendte,  but  the  rock  in 
tba  dikes  ia  more  compact,  haring  cooled  and  ecmabliilated  iiod«r 
greater  preanne.  Some  of  the  dikes  out  throiigh  and  ehift  otbcn, » 
that  thej  have  eridentlf  been  fbmted  during  sncoenive  brupinwi. 
Wldle  tita  higher  region  of  Soouna  is  made  np  of  these  igneov 
fTodnota,  there  ^>pear  on  iu  flanks,  for  some  depth  from  the  «uritm 
as  seen  in  a  ravin<^  called  the  "  Foasa  Grande,"  beds  of  whitt 
pumiceoos  tn^  resembling  the  toff  which,  at  Faoailifipo,  nnd  other 
places  near  yaples,  oontains  shells  of  llring  Heditermnean  speoM. 
It  is  supposed  hj  Fills,  Von  Bach,  and  others  that  the  tufacroo) 
beds»  which  rise  in  Somma  to  more  than  half  the  height  of  tint 
SMvntain,  are,  in  like  manner,  of  submarine  origin,  becaiue  &  in 
sea-shells  have  been  found  in  them,  here  and  ther^  together  witb 
serpnlsa  of  recent  species  attached  to  inolnded  blocks  of  lii 

It  is  contended,  therefore,  that  u  these  strata  were  once  ai 
lated  beneath  the  sea,  they  may  hnve  been  subjected  as  they  naett 
such  an  upward  movement  as  may  have  given  rise  to  a  conical  hiOi 
end  this  hypothesis,  it  19  said,  acquires  confirmation  from' the  hHi 
that  the  sheets  of  lava  near  the  summit  of  Somma,  are  so  compact  n^ 
crystalline,  and  of  such  breadth  individually,  as  would  not  hara  bea 
the  case  had  they  run  down  a  steep  slope.  They  must,  tberefin 
have  consolidated  on  a  nearly  level  surface,  and  have  been  n^ 
sequently  uplifted  into  their  present  incUoed  position. 

Unfortunately  there  are  no  sections  of  sufficient  depth  and  coe- 
tinnity  on  the  flanks  of  Somma,  to  reveal  to  us  clearly  the  relBtJoM 
of  the  lava,  scorite,  and  associated  dikes,  forming  the  highest  part  cf 
the  mountain,  with  the  marine  tuffs  observed  on  its  declivity.  Botk 
may,  perhaps,  have  been  produced  contemporaneously  when  SovM 
raised  its  head,  like  StromboH,  above  the  sea,  its  sides  and  base  betig 
then  snbmerfred.  Such  a  state  of  things  may  be  indicated  by  a  &ct 
noticed  by  Von  Bnch,  namely,  that  the  pnmiceous  beds  of  NapW 
when  they  approach  Somma,  contain  fragments  of  the  pecahsr 
leucitic  lava  proper  to  that  mountain,  which  are  not  found  is  tbs 
same  tuff  at  a  greater  distance.!  Fortions,  therefore,  of  this  lava 
were  either  thrown  out  by  ei^tplosions,  or  torn  off  by  the  wavo^ 
during  the  deposition  of  the  pnmiceous  strata  beneath  the  sea. 

We  have  as  yet  but  a  scanty  acquaintance  with  the  laws  whkk 
regulate  the  flow  of  lava  beneath  water,  or  the  arrangement  tt 
scoHr  and  volcanic  dust  on  the  sides  of  a  submarine  cone.  Tb«« 
can,  however,  be  little  doubt  ttiat  showers  of  ejected  matter  may 

•  DnWnoy,  Mi-m.  ponr  rerrir  h  n 
I^Krip.  GeoL  de  la  France,  tom. 
P-SV4. 
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settle  on  a  steep  slope,  andj  may  inclade  shells  and  the  remains  of 
aqaatic  animals,  which  flourish  in  the  intervals  between  eruptions. 
Lava  under  the  pressure  of  water  would  be  less  porous ;  but,  as  Dr. 
Daubeny  suggests,  it  may  retain  its  fluidity  longer  than  in  the  open 
air;  for  the  rapidity  with  which  heated  bodies  are  cooled  by  being 
planged  into  water  arises  chiefly  from  the  conversion  of  the  lower 
portions  of  water  into  steam,  which  steam  absorbing  much  heat, 
immediately  ascends,  and  is  reconverted  into  water.  But  under  the 
pressure  of  a  deep  ocean,  the  heat  of  the  lava  would  be  carried  off 
m<H^  slowly,  and  only  by  the  circulation  of  ascending  and  descending 
currents  of  water,  those  portions  nearest  the  source  of  heat  becom- 
ing specifically  light,  and  consequently  displacing  the  water  above. 
This  kind  of  circulation  would  take  place  with  much  less  rapidity 
than  in  the  atmosphere,  inasmuch  as  the  expansion  of  water  by  equal 
increments  of  heat  is  less  considerable  than  that  of  air.* 

We  learn  from  the  valuable  observations  made  by  Mr.  Dana  on  the 
active  volcanos  of  the  Sandwich  Islands,  that  large  sheets  of  compact 
basaltic  lava  have  been  poured  out  of  craters  at  the  top  or  near  the 
summits  of  flattened  domes  higher  than  Etna,  as  in  the  case  of  Mount 
lioa  for  example,  where  a  copious  stream  two  miles  broad  and  twenty- 
five  miles  long  proceeded  from  an  opening  13,000  feet  above  the  level 
of  the  sea.  The  usual  slope  of  these  sheets  of  lava  is  between  5°  and 
10^ ;  but  Mr.  Dana  convinced  himself  that,  owing  to  the  suddenness 
with  which  they  cool  in  the  air,  some  lavas  may  occasionally  form  on 
slopes  equalling  25°,  and  still  preserve  a  considerable  compactness  of 
texture.  It  is  even  proved,  he  says,  from  what  he  saw  in  the  great 
lateral  crater  of  Kilauea,  on  the  flanks  of  Mount  Loa,  that  a  mass  of 
such  melted  rock  may  consolidate  at  an  inclination  of  30°,  and  be  con- 
tinuous for  300  or  400  feet  Such  masses  are  narrow,  he  admits,  "but 
if  the  source  had  been  more  generous,  they  would  have  had  a  greater 
breadth,  and  by  a  succession  of  ejections  overspreading  each  cooled 
layer,  a  considerable  thickness  might  have  been  attained."!  The 
same  author  has  also  shown,  as  before  mentioned,  that  in  the  "cinder 
cones"  of  the  Sandwich  Islands,  the  strata  have  an  original  inclination 
of  between  35°  and  40°.$ 

Mr.  Scrope,  writing  in  1827,  attributed  the  formation  of  a  volcanic 
cone  chiefly  to  matter  ejected  from  a  central  orifice,  but  partly  to 
ihe  injection  of  lava  into  dikes,  and  "to  that  force  of  gaseous  expan- 
sion, the  intensity  of  which,  in  the  central  parts  of  the  cone,  is 
attested  by  local  earthquakes,  which  so  often  accompany  eruptions."  § 
It  is  the  opinion  of  MM.  Von  Buch,  De  Beaumont,  and  Dufr6noy, 
that  the  sheets  of  lava  on  Somma  are  so  uniform  and  compact,  that 
their  original  inclination  did  not  exceed  four  or  five  degrees,  and  that 
foar-fifiths,  therefore,  of  their  present  slope  is  due  to  their  having 
been  subsequently  tilted  and  upraised.     Notwithstanding  the  light 

*  See  Daubcny*8  Volcanos,  p.  '400.  of  30°,  was  given  by  mistake  in  his  work. 

t  GeoL  of  American  Explor.  Exped.  ^  Ibid.  p.  354. 

p.  959.  note.     Mr.  Dana  informed  mo  §  Geol.  Trans.  2nd  series,  yoL  ii.'p. 

(Sept.  1852),  that  an  angle  of  60^  instead  341. 
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tbrown  l17M.de  Beuurwnt  on  the  lawa  r^nlating  the  flow  and  coo- 
■idldatioB  of  lava,  I  do  not  cooceiTe  that  these  law6  nro  as  jot  soft- 
dend^  detemnned  to  wanant  os  in  1  (Egning  k  mnch  of  tbe  indmi 
poritioQ  of  the  beds  of  StBnrna  to  the  snbseqoent  reDiling  and  du- 
loeation  of  the  cone.  Even  if  this  were  admitted,  it  is  far  moiria 
haimonj  with  the  usual  mode  of  derelopment  of  Tolconic  furcM  u 
■oppose  the  morement  whieh  modified  the  diape  of  the  cone  to  btn 
been  intenoittent  and  gtadaal,  and  not  to  have  oo&gisted  of  t  wo^ 
effivt,  or  one  sndden  and  violent  convulsion,* 

fesmwm  lawu. — The  lavas  of  Scnmna  are  t^iaracterized  bj  »»• 
taimng  disseminated  Grjat^  of  lendte  (called,  hj  the  Frcnd^ 
ampUg^oeX  a  mineral  said  to  be  very  rare  in  the  modern  Uvai  <f 
Veaavins,  which  are  in  general  mnch  more  seoriaceons  and  iw 
oTstalliBe  than  those  of  Somma.f 

At  the  ftotreas  near  Torre  del  6t«C0  a  section  ii  exposed,  BftM 
feet  in  height,  of  a  current  which  ran  into  the  sea  ;  and  it  eriaM 
especially  in  the  lower  part,  a  dedded  teaden<7  U>  divide  iiKo  n^ 
Golomns.  A  still  more  striking  example  may  be  men  to  the  weA  >! 
Torre  del  Annnnnata,  near  Forte  Scassato,  where  the  mass  is  Ui 
open  to  tbe  depth  of 'twenty  feet.  In  both  these  esses,  however,  At 
rock  may  rather  be  said  to  be  divided  into  numercua  perpendimbr 
fissures,  than  to  be  prismatic^  although  the  same  pirture^qae  effect  b 
produced.  In  the  lava-currents  of  Central  France  (those  of  As 
Vivarais,  in  particular),  the  uppermost  portion,  often  forty  feel  *i 
more  in  thickness,  is  an  amorphous  mass  passing  downwards  iM 
lava  irregularly  prismatic;  and  under  this  there  is  a  foundatioBtf 
regular  and  vertical  columns ;  but  these  lavas  are  often  one  husdtri 
feet  or  more  in  thickness.  We  can  scarcely  expect  to  discover  tht 
same  phenomenon  in  the  shallow  currents  of  Vesuvius,  when  tki 
lowest  part  has  cooled  more  rapidly,  although  it  may  be  locAed  for  ii 
modem  streams  in  Iceland,  which  exceed  even  those  of  ancient  Fissa 
in  volume. 

Hr.  Scrope  mentions  that,  in  the  clifls  encircling  the  neds* 
crater  of  Vesuvius,  he  saw  many  currents  offering  a  a>IuDinar  divi»« 
and  some  almost  as  regularly  prismatic  as  any  ranges  of  tbe  tU^ 
basalts ;  and  he  adds,  that  in  some  the  spheroidal  coocretiaeiiy 
structure,  on  a  large  scale,  was  equally  conspicuous.}  BriahU 
also  informs  us  that,  in  the  siliceous  lava  of  1737,  which  ettud^ 
augite,  leucile,  and  crystals  of  felspar,  he  found  very  regular  priM* 
in  a  quarry  near  Torre  del  Greco  ;  an  observation  coo£nned  by  ■odai 
authorities.  || 

Effects  0/ decompofilion  on  lacat. — The  decomposition  of  sosM^ 
the  felspatliic  lavas,  eitlier  by  simple  weathering,  or  by  gaseoasM^ 
nations,  converts  them  from  a  hard  to  a  soft  clayey  etate,  so  thai  Alf 

*  See  a  Taper  bj  the  Anibur  on  t  Jonnul  oTSchqcc^  n>L  zt.ftin. 
"  enters  of  Ucnoduiup,''  Qu&n.  Judth.        g  Vof.  dam  la   CuBpaaie,  IM*  ^ 

Gcol.  80c  ISSO.  p.  201. 

t  Uufn'no]',   Mem.  {■out  Errvir,  ke.         i  TSr.   F<whft,   Filio.  JovKi  rf  ^ 

torn.  IT.  p.  3S5.  So.  xnL  UcL  18M. 
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longer  retain  the  smallest  resemblance  to  rocks  cooled  down  from 
)tate  of  fusion.  The  exhalations  of  sulphuretted  hydrogen  and 
iriatic  acid,  which  are  disengaged  continually  from  the  Solfatara, 
0  produce  curious  changes  on  the  trachyte  of  that  nearly  extinct 
Icano :  the  rock  is  bleached,  and  becomes  porous,  fissile,  and  honey- 
nbed,  till  at  length  it  crumbles  into  a  white  siliceous  powder.* 
imerous  globular  concretions,  composed  of  concentric  laminae,  are 

0  formed  by  the  same  vapours  in  this  decomposed  rock.| 
Vesuvian  minerals, — A  great  variety  of  minerals  are  found  in 
\  lavas  of  Vesuvius  and  Somma;  augite,  leucite,  felspar,  mica, 
vine,  and  sulphur  are  most  abundant.  It  is  an  extraordinary  fact, 
It,  in  an  area  of  three  square  miles  round  Vesuvius,  a  greater 
mber  of  simple  minerals  have  been  found  than  in  any  spot  of  the 
oe  dimensions  on  the  surface  of  the  globe*  Hauy  enumerated 
\j  380  species  of  simple  minerals  as  known  to  him ;  and  no  less 
in  eighty-two  had  been  found  on  Vesuvius  and  in  the  tuffs  on  the 
dks  of  Somma  before  the  end  of  the  year  1828.^  Many  of  these 
\  peculiar  to  that  locality.  Some  mineralogists  have  conjectured 
Lt  the  greater  part  of  these  were  not  of  Vesuvian  origin,  but 
t>wn  up  in  fragments  from  some  older  formation,  through  which 
)  gaseous  explosions  burst.  But  none  of  the  older  rocks  in  Italy, 
elsewhere,  contain  such  an  assemblage  of  mineral  products ;  and 
\  hypothesis  seems  to  have  been  prompted  by  a  disinclination  to 
nit  that,  in  times  so  recent  in  the  earth's  history,  the  laboratory  of 
ture  could  have  been  so  prolific  in  the  creation  of  new  and  rare 
npounds.  Had  Vesuvius  been  a  volcano  of  high  antiquity,  formed 
en  nature 

Wanton'd  as  in  her  prime,  and  played  at  will 
Her  virgin  fancies, 

70uld  have  been  readily  admitted  that  these,  or  a  much  greater 
iety  of  substances,  had  been  sublimed  in  the  crevices  of  lava,  just 
several  new  earthy  and  metallic  compounds  are  known  to  have 
n  produced  by  fumeroles,  since  the  eruption  of  1822. 
\fass  enveloping  Herculaneum  and  Pampeiu — In  addition  to  the 
ctions  which  fall  on  the  cone,  and  that  much  greater  mass  which 
Is  its  way  gradually  to  the  neighbouring  sea,  there  is  a  third 
tion,  often  of  no  inconsiderable  thickness,  composed  of  alluviums, 
ead  over  the  valleys  and  plains  at  small  distances  from  the  vol- 
lO.  Aqueous  vapours  are  evolved  copiously  from  volcanic  craters 
ing  eruptions,  and  often  for  a  long  time  subsequently  to  the 
charge  of  scorias  and  lava :  these  vapours  are  condensed  in  the 

1  atmosphere  surrounding  the  high  volcanic  peak,  and  heavy  rains 
thus  caused.     The  floods  thus  occasioned,  sweep  along  the  im- 

pable  dust  and  light  scoriae,  till  a  current  of  mud  is  produced, 
Ich  is  called  in  Campania  "  lava  d*  acqua,"  and  is  often  more 

Danbeny  on  Volcanos,  p.  169.  t  Monticelli  and  Coyelli,  FTodrom. 

Scrope,  GeoL  Trans,  second  series,    deUa  Mineral  Vesar. 
ii  p.  346. 
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JiBiild  AiB  an  igneow  straini  (Un  di  fooco),  from  the  _ 
T«loo^r  with  which  it  mores.  So  Utea*  the37thof  Octoher,  jl 
que  <tf  theee  aUnTioBu  deeoeocled  tlte  cons  of  Venniue,  Bnd,  ttue 
•Tonpraadiiig  iiiioh  enltivKted  khI,  flowed  uddenlj  into  tbe  TiUagM 
of  8k  Seh—rim  and  ICuaa,  wher^  filling  the  etToeti  and  interior  tf 
■OBoof  the  hoosea,  it  nffocated  Mven  perMo*.  It  will,  thereron, 
h^ipen  Tei7  freqneatlj  tha^  towards  the  baM  of  a  vulcanic  coa^ 
altwoations  will  be  fonad  of  lava,  aUuTiom,  and  ■howcrs  of  uhes. 

To  whioh  of  theaa  two  latter  dirinona  the  mess  envekfni^ 
BenalaBaam  and  Pompwi  ibonld  be  referred,  hai  btcn  a  questiga 
9f  the  keeneat  eontrovenj;  but  the  diacuanoa  might  have  be«a 
ahflvtene^  if  the  eorabataott  bad  reflected  thati  whether  volcania 
Mad  aitd  aihea  were  oixiTejed  to  the  towns  bj  nuining  water,  or 
Ihtmgh  the  air,  daring  an  emptioa.  the  iaterior'of  boildingo,  to\Mf 
as  the  nola  remain  eodrcv  tt^ether  with  all  nndergronnd  vaolta  ud 
eellan,  oould  be  filled  onlj  bj  an  allMimMm.  We  leein  from  hitux?, 
that  a  heavy  ihower  of  sand,  pnmioei  and  la{uUi,  soEficientljr  gral 
to  render  Pompeii  and  Heronlaneom  nninhabitaUe,  fell  for  eight 
sooeeasiTe  dajv  and  mghta  in  the  year  7^  aooonpaoied  bj  Tiolciit 
nuoa.  We  ooghl,  tberefcH^  to  find  a  reiy  oloee  reeemblance  betwea 
the  strata  covering  these  towns  and  those  compoMOg  tlie  minor  cooo 
of  the  PhlegrieaD  Fields,  accumaUted  rapidly,  like  Monte  Nua(4 
daring  a  continued  shower  of  ejected  matter ;  with  this  difiereaet 
however,  that  the  strata  incumbent  on  the  cities  would  be  borixootii 
whereas  those  on  the  cones  are  highly  inclined ;  and  that  htp 
angular  fragments  of  rock,  which  are  thrown  out  near  the  Tcnt, 
would  be  wanting  at  a  distonce  where  smnll  lapilli  only  can  be  faaod. 
Accordingly,  with  these  exceptions,  no  identity  can  be  more  perfect 
than  the  form  and  distribution  of  the  matter  at  the  base  of  Uonts 
NuoTo,  as  laid  open  by  the  encroaching  sea,  and  the  appearance  of 
the  beds  superimposed  on  Pompeii.  That  city  is  corered  wiA 
numerous  alternations  of  different  horizontal  bods  of  tuff  and  IspilK 
for  the  most  part  thin,  and  subdivided  into  very  fine  layen>  I 
observed  the  following  section  near  the  amphitheatre,  in  NaraobWi 
1828 — (descending  series):  — 

PMt.  bcM- 
I.  Black  Rpaikling  aand  from  the  eruption  nf  1893,  conUuning 
minalc  rc|;ululy  formed  ciyitala  of  augito  and  Moimaline     - 
a.  Vegi-wblc  mould         ..-.-. 

3.  Brown  incoherent  tulT.  full  of  pimJitic  ^olnda  in  lajen  from 

half  an  inch  to  three  incbe«  in  tbicluNM        ... 

4.  Small  Koris  and  whiM  lapilli  .... 

5.  Bniini  eanhy  tuff,  with  nnmcrodn  piwilicir  plohulea     - 

6.  Bru*rn  earthy  tnff,  with  Upilli  divided  into  tajeni 
T.  I^ycr  of  whilii*  lapilli  ..... 

8.  Grey  solid  inff  -----  - 

9.  l*uiuicc  anil  wtuto  lapilli         ..... 


k  coTcring  only  a  few  tnchea  thick  on    Fn>C  J.  D.   Fcctwi. — Sd.   Jea 
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Many  of  the  asbes  in  these  beds  are  vitrified,  and  harsh  to  the 
U>ach.  Crystals  of  leucite,  both  fresh  and  farinaceoasi  have  been 
found  intermixed.*  The  depth  of  the  bed  of  ashes  above  the  houses 
Is  variable,  but  seldom  exceeds  twelve  or  fourteen  feet,  and  it  is  said 
that  the  higher  part  of  the  amphitheatre  always  projected  above  the 
surface ;  though  if  this  were  the  case,  it  seems  inexplicable  that  the 
city  should  never  have  been  discovered  till  the  year  1750.  It  will 
be  observed  in  the  above  section,  that  two  of  the  brown,  half-con- 
solidated tuffs  are  filled  with  smdl  pisolitic  globules.  This  circum« 
stance  is  not  alluded  to  in  the  animated  controversy  which  the  Royal 
Academy  of  Naples  maintained  with  one  of  their  members,  Signor 
Li|^i,  as  to  the  origin  of  the  strata  incumbent  on  Pompeii.  'The  mode 
of  aggpregation  of  these  globules  has  been  fully  explained  by  Mr. 
Scrope,  who  saw  them  formed  in  great  numbers  in  1822,  by  rain  fall- 
ing  during  the  eruption  on  fine  volcanic  sand,  and  sometimes  also 
produced  like  hail  in  the  air,  by  the  mutual  attraction  of  the  minutest 
particles  of  fine  damp  sand.  Their  occurrence,  therefore,  agrees  re- 
markably well  with  the  account  of  heavy  rain,  and  showers  of  sand 
and  ashes,  recorded  in  history,  f 

Lippi  entitled  his  work,  *<Fu  il  fuoco  o  Tacqua  che  sotterb  Pompel 
ed  £rcolano?"t  &°d  he  contended  that  neither  were  the  two  cities 
destroyed  in  the  year  79,  nor  by  a  volcanic  eruption,  but  purely  by 
the  agency  of  water  charged  with  transported  matter.     His  letterSi 
wherein  he  endeavoured  to  dispense,  as  far  as  possible,  with  igneous 
agency,  even  at  the  foot  of  the  volcano,  were  dedicated,  with  great 
propriety,   to  Werner,   and   afibrd  an   amusing  illustration  of  the 
polemic  style  in  which  geological  writers  of  that  day  indulged  them- 
selves.    His  arguments  were  partly  of  an  historical  nature,  derived 
from  the  silence  of  contemporary  historians,  respecting  the  fate  of 
the  cities,  which,  as  we  have  already  stated,  is  most  remarkable,  and 
partly  drawn  from  physical  proofs.     He  pointed  out  with  great 
clearness  the  resemblance  of  the  tufaceous  matter  in  the  vaults  and 
cellars  at  Herculaneum  and  Pompeii  to  aqueous  alluviums,  and  its 
distinctness  from  ejections  which  had  fallen  through  the  air.    Nothing, 
he  observes,  but  moist  pasty  matter  could  have  received  the  im 
pression  of  a  woman's  breast,  which  was  found  in  a  vault  at  Pompeii, 
or  have  given  the  cast  of  a  statue  discovered  in  the  theatre  at  Her- 
culaneum.    It  was  objected  to  him,  that  the  heat  of  the  tufi*  in 
Herculaneum  and  Pompeii  was  proved  by  the  carbonization  of  the 
timber,  com,  papyrus-rolls,  and  other  vegetable  substances  there 
discovered :  but  Lippi  replied  with  truth,  that  the  papyri  would  have 
been  burnt  up,  if  they  had  come  in  contact  with  fire,  and  that  their 

Science,  Na  xix.p.  131.  Jan.  1829.    But  nished  yeiy  regukrly  in  the  same  con- 
he  miut  hare  measured  in  spots  where  tinuous  stratum,  as  the  distance  from  the 
it  had  drifted.    The  dust  and  ashes  were  centre  of  projection  was  greater. 
fire  feet  thick  at  the  top  of  the  crater,  *  Forbes,  ib.  p.  130. 
and  decreaaed  gradually  to  ten  inches  at  f  Scrope,  Geol  Trans.,  second  series^ 
Tone  del   Anminziata.    The  size  and  voL  il  p.  34S. 
weight  of  the  ejected  fragments  dimi-  f  Napoli,  18 IS. 

cc  8 


388  POMPEII  —  INFUSORIAL   TUFF.  [Ch.  XXIT. 

being  only  carbonized  was  a  clear  demonstration  of  their  having  been 
enveloped,  like  fossil  wood,  in  a  sediment  deposited  from  water. 
The  Academicians,  in  their  report  on  liis  pamphlet,  assert,  that  wbea 
the  amphitheatre  was  first  cleared  out,  the  matter  was  arranged  oi 
the  steps  in  a  succession  of  concave  layers,  accommodating  themseWefl 
to  the  interior  form  of  the  building,  just  as  snow  would  lie  if  it  hid 
fallen  there.  This  observation  is  highly  interesting,  and  points  to 
the  difference  between  the  stratification  of  ashes  in  an  open  building 
and  of  mud  derived  from  the  same  in  the  interior  of  edifices  ukI 
cellars.  Kor  ought  we  to  call  the  allegation  in  question,  becaiue  it 
could  not  be  substantiated  at  the  time  of  the  controversy  after  the 
matter  had  been  all  removed ;  although  Lippi  took  advantage  of  thii 
removal,  and  met  the  argument  of  his  antagonists  by  requiring  them 
to  prove  the  fact.  There  is  decisive  evidence  that  no  stream  of  Ian 
has  ever  ¥eached  Pompeii  since  it  was  first  built,  although  the 
foundations  of  the  town  stand  upon  the  old  leucitic  lava  of  Sommt; 
several  streams  of  which,  with  tuff  interposed,  had  been  cut  throi^h 
in  excavations. 

Infusorial  beds  covering  Pompeii, —  A  most  singular  and  in- 
expected  discovery  has  been  recently  made  (1844-45)  by  Profesw 
Ehrenberg,  respecting  the  remote  origin  of  many  of  the  layers  f>i 
ashes  and  pumii-<j  cnvelopiii;^  Pompeii.  They  are,  he  says,  in  great 
part,  of  organic  and  freshwater  origin,  consistiiij^  of  the  siliceous  ca*** 
of  microscopic  int'iisoria.  What  is  still  more  surprising,  this  tart 
proves  to  he  by  no  means  an  i>olatrd  or  S(>litary  examplr  of  an  in* 
timate  relation  between  or^ianic  lite  and  the  results  of  volcanic  ac- 
tivity. On  the  Rhine,  >evfral  beds  of  tutf  and  pnmiceous  conjji"- 
nuTate,  n'semblini;  the  mass  incumbiMit  upnn  Pompeii  and  cli»*ly 
connected  with  extinct  volcanos,  are  now  ascertained  to  be  ma«lo  u;' 
to  a  i^reat  extent  of  tli(i  siliceous  cases  of  intu<oria,  (or  l)iat«»inaci'3-' 
invi>ible  to  the  naked  eye  and  often  half  fused. •  No  less  than 
J)4  distinct  spi'cies  have  already  been  detected  in  one  mass  of  th:-' 
kind,  more  than  loO  feet  tliick,  at  lloch.Nimmer,  on  the  left  bank  •■! 
the  Uhine,  near  the  Laaeher-see.  Some  of  these  Rhenish  int'usoriti 
accumulations  appear  to  have  falh-n  in  showers,  others  to  hi*'* 
been  poured  out  of  lake-craters  in  the  form  of  mud,  as  in  the  Br-'M 
vallev. 

In  ]Me.\ic«>,  P»?ru.  the  Isle  of  France,  and  sev«Tal  other  volonni-' 
regions  analoixnus  phfuomena  have  Ikmju  obsServed,  and  everywlhrt.' 
tin;  specir'S  of  int'usoria  behaijr  to  fre>hwater  antl  terrestrial  p-ruri. 
except  in  the  case  of  the  Pataironian  pumiceous  tulls,  specimen?  of 
which,  brouirlit  hom«*  by  Mr.  Darwin,  are  found  to  contain  the  n- 
mains  of  marim*  animalcules.  In  various  kinds  of  pumice  tjoi'teJ  I'f 
voleanos  the  mieriise«>pe  ha<  n'vealed  to  PnMesssor  KhrenlxT!:.  tli'* 
hiliceous  cases  of  intu-oria  olten  half  obliterated  bvthe  action  of  bwt. 

*  N"f    .1  I'o^v  nt  tlic  nrir.iiiir   li;i.li.".,  1»  l.iii-jiiijr  t'>  iho  vi'jff.iliK- kincil'*Tn.  *-ii 

lalliM   !•;.    l^iiiriilMr_    "  intu-^-'ri:!."  >\v'.\  ar-  ii-tirr.-il   to  th-' il:i''Sv»  c^iIUii  Pii'" 

a- (laliniull  I  an. I   r..i.ill.i:;a,  li.m*   i-  on  iii.u»;L' and  DcMindiiL*. 
I'axiitlv  il.iiuiL-d    liv  ina:iv  bvlaui.'^ta  ;l-< 
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and  the  fine  dust  thrown  out  into  the  air  during  eruptions,  is  some- 
times referable  to  these  most  minute  organic  substances,  brought  up 
from  considerable  depths,  and  sometimes  mingled  with  small  particles 
of  vegetable  matter. 

In  what  manner  did  the  solid  coverings  of  these  most  minute 
plants  and  animalcules,  which  can  only  originate  and  increase  at  the 
surface  of  the  earth,  sink  down  .and  penetrate  into  subterranean 
cavities,  so  as  to  be  ejected  from  the  volcanic  orifices  ?  We  have  of 
late  years  become  familiar  with  the  fact  in  the  process  of  boring 
Artesian  wells,  that  the  seeds  of  plants,  the  remains  of  insects,  and 
even  small  fish,  with  other  organic  bodies,  are  carried  in  an  uninjured 
state  by  the  underground  circulation  of  waters,  to  the  depth  of  many 
hnndred  feet  With  still  greater  facility  in  a  volcanic  region  we  may 
conjecture,  that  water  and  mud  full  of  invisible  infusoria  may  be 
sacked  down,  from  time  to  time,  into  subterranean  rents  and  hollows 
in  cavernous  lava  which  has  been  permeated  by  gases,  or  in  rocks 
dislocated  by  earthquakes.  It  often  happens  that  a  lake  which  has 
endured  for  centuries  in  a  volcanic  crater,  disappears  suddenly  on 
the  approach  of  a  new  eruption.  Violent  shocks  agitate  the  sur- 
rounding region,  and  ponds,  rivers,  and  wells  are  dried  up.  Large 
cavities  far  below  may  thus  become  filled  with  fen -mud  chiefiy  com* 
posed  of  the  more  indestructible  and  siliceous  portions  of  infusoria, 
destined  perhaps  to  be  one  day  ejected  in  a  fragmentary  or  half- 
fused  state,  yet  without  the  obliteration  of  all  traces  Of  organic 
structure.* 

Hereulaneum, — It  was  remarked  that  no  lava  has  fiowed  over  the 
site  of  Pompeii,  since  that  city  was  built,  but  with  Hereulaneum 
the  case  is  different.  Although  the  substance  which  fills  the  interior 
of  the  houses  and  the  vaults  must  have  been  introduced  in  a  state  of 
mud,  like  that  found  in  similar  situations  in  Pompeii ;  yet  the  super- 
incumbent mass  differs  wholly  in  composition  and  thickness.  Her- 
eulaneum was  situated  several  miles  nearer  to  the  volcano,  and  has, 
therefore,  been  always  more  exposed  to  be  covered,  not  only  by 
showers  of  ashes,  but  by  alluviums  and  streams  of  lava.  Accordingly, 
masses  of  both  have  accumulated  on  each  other  above  the  city,  to 
a  depth  of  nowhere  less  than  70,  and  in  many  places  of  112  feet.f 
The  tuff  which  envelopes  the  buildings  consists  of  comminuted 

♦  See  Ehrenberg,  Proceedings  (Be-  rent  has  been  rushing  in  for  man  j  jeaiB, 
ricfaCe)  of  the  Bojral  Acad,  of  Sci.  Berlin,  and  as  the  infnsoria  inhabiting  the 
1844,  1845,  and  an  excellent  abstract  of  waters  of  the  Mediterranean  are  ex- 
luB  papers  by  Mr.  Ansted  in  the  Quart  ceedingly  abundant,  a  vast  store  of  their 
JcmrD.  of  the  GreoL  Soc.  London,  No.  7.  cases  may  accumolate  in  submarine  ca- 
Ang.  1846.  In  regard  to  marine  info-  vems  (the  Mratcr,  perhaps,  being  con- 
soria  found  in  volcaiil  tuff,  it  is  well  Yerted  into  steam,  and  so  escaping  up- 
known  that  on  the  shores  of  the  island  wards),  and  they  may  then  be  cast  up 
of  Cephalonia  m  the  Mediterranean  again  to  furnish  the  materials  of  volcanic 
(Froceedings,  GeoL  Soc.  toI.  ii.  p.  220.),  tuff,  should  an  eruption  occur  like  that 
there  is  a  cayitj  in  the  rock,  into  which  which  produced  Graham  Island,  off  the 
the  sea  has  been  flowing  for  ages,  and  coast  of  Sicily,  in  1831. 
many  others  doubtless  exist  in  the  leaky  f  Hamilton,  Observ.  on  Mount  Yo- 
bottom  of  the  ooean.    The  marine  cur-  suvius,  p.  94.    London,  1774. 
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volcanic  osbes^  mixed  with  pumice.    A  mask  embedded  in  this  matrix 
has  left  a  cast,  the  sharpness  of  which  was  compared  by  Hamilton  to 
those  in  plaster  of  Paris ;  nor  was  the  mask  in  the  least  degree 
scorched,  as  if  it  had  been  imbedded  in  heated  matter.     This  tuff  b 
porous;  and,  when  first  excavated,  is  soft  and  easily  worked,  bot 
acquires  a  considerable  degree  of  induration  on  exposure  to  the  sir. 
Above  this  lowest  stratum  is  placed,  according  to  Hamilton,  "the 
matter  of  six  eruptions,"  each  separated  from  the  other  bj  veins  of 
good  soiL    In  these  soils  Lippi  states  that  he  collected  a  considerable 
number  of  land  shells — an  observation  which  is  no  doubt  correct';  for 
many  snails  burrow  in  soft  soils,  and  some  Italian  species  descend, 
when  they  hybemate,  to  the  depth  of  five  feet  and  more  from  the 
surface.     Delia  Torre  also  informs  us  that  there  is  in  one  part  of  this 
super*imposed  mass  a  bed  of  true  siliceous  lava  {lava  di  pietra  dura)', 
and,  as  no  such  current  is  believed  to  have  flowed  till  near  one  thou- 
sand years  after  the  destruction  of  Herculaneum,  we  must  condude, 
that  the  origin  of  a  large  part  of  the  covering  of  Herculaneum  wu 
long  subsequent  to  the  first  inhumation  of  the  place.     That  city,  u 
well  as  Pompeii,  was  a  seaport.     Herculaneum  is  still  very  near  the 
shore,  but  a  tract  of  land,  a  mile  in  length,  intervenes  between  the 
borders  of  the  Bay  of  Naples  and  Pompeii.     In  both  cases  the  gain  of 
land  is  due  to  the  filling  up  of  the  bed  of  the^sca  with  volcanic  uiatttT, 
and  not  to  elevation  by  earthcjuakes,  for  there  has  been  no  ehani:*' 
in  the  relative  level  of  land  and  sea.     Pompeii   stood  on   a  sli^ilit 
eminence  composed  of  the  lavas  of  the  ancient  Vesuvius,  and  fli^iht'* 
of  steps  led  down  to  the  water's  edge.     The  lowermost  of  these  sitj's 
are  said  to  be  still  on  an  exact  level  with  the  sea. 

Condition  and  contents  of  the  buried  cities.  —  After  these  observt- 
tions  on  the  nature  of  the  strata  enveloping;  w\\\\  surrounding:  the  citi'f. 
we  may  proceed  to  consider  their  internal  C(m(Htion  and  contents.  ^ 
far  at  least  as  they  offer  facts  of  geolojrical  interest.  Notwithataniiin? 
the  much  greater  depth  at  which  Herculaneum  was  buried,  ii  wa.* 
discovered  before  Pompeii,  by  the  accidental  circumstances  of  a  wtnl 
being  sunk,  in  1713,  which  came  right  down  u[K)n  the  theatn*,  whffi' 
the  statues  of  Hercules  and  Cleopatra  were  soon  found.  Whetlu-r  tlii-^ 
city  or  Pompeii,  both  of  them  founded  by  Greek  colonic?,  wa*  tlif 
more  considerable,  is  not  yc^t  determin<Ml ;  but  both  are  mentioned  l'/ 
ancient  authors  as  amonp:  the  seven  most  fhnirishinK  cities  in  Cam- 
pania.  The  walls  of  Pompeii  were  three  miles  in  circumference:  but 
we  have,  as  yet,  no  certain  knowledge  of  the  dimensions  of  llercuU- 
neum.  In  the  latter  place  the  theatre  alone  is  open  for  insj>ection ; 
the  Forum,  Temph^  of  Jupiter,  and  other  buildings,  having  lK.'en  dlW 
up  WMth  rubbish  as  the  workmen  ])roceede<l,  owing  to  the  dilfioulty  ff 
removing  it  from  so  great  a  depth  below  ground.  *  Kven  the  thealn* 
is  only  seen  by  torchlight,  and  the  most  interesting  information.  p?r* 
haps,  which  the  geologi»«>t  obtains  there,  is  the  continual  formation  ot 
stalactite  in  the  galleries  cut  through  the  tuff;  for  there  is  a  constant 
]»ercolation  of  water  charged  with  carbonate  of  lime  mixed  with  a 
Fmall  portion  of  magnesia.     Such  mineral  waters  must,  in  the  cour* 
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time,  create  great  changes  in  man j  rocks ;  espedallj  in  laras,  the 
ires  of  which  they  may  fill  with  calcareous  spar,  so  as  to  convert 
em  into  amygdaloids.  Some  geologists,  therefore,  are  unreasonable 
lien  they  expect  that  volcanic  rocks  of  remote  eras  should  accord 
ecisely  with  those  of  modem  date ;  since  it  is  obvious  that  many  of 
jBe  produced  in  our  own  time  will  not  long  retain  the  same  aspect 
id  internal  composition. 

Both  at  Herculaneum  and  Pompeii,  temples  have  been  found  with 
Bcriptions  commemorating  the  rebuilding  of  the  edifices  after  they 
d  been  thrown  down  by  an  earthquake.*     This  earthquake  hap- 
ned  in  the  reign  of  Nero,  sixteen  years  before  the  cities  were  over- 
belmed.     In  Pompeii,  one  fourth  of  which  is  now  laid  open  to  the 
y,  both  the  public  and  private  buildings  bear  testimony  to  the 
tastrophe.    The  walls  are  rent,  and  in  many  places  traversed  by 
sures  still  open.     Columns  are  lying  on  the  ground  only  half  hewn 
>m  huge  blocks  of  travertin,  and  the  temple  for  which  they  were 
signed  is  seen  half  repaired.     In  some  few  places  the  pavement 
d  sunk  in,  but  in  general  it  was  undisturbed,  consisting  of  large 
egular  fiags  of  lava  joined  neatly  together,  in  which  the  carriage 
leels  have  often  worn  ruts  an  inch  and  a  half  deep.    In  the  wider 
*eets,  the  ruts  are  numerous  and  irregular ;  in  the  narrower,  there 
9  only  two,  one  on  each  side,  which  are  very  conspicuous.     It  is 
possible  not  to  look  with  some  interest  even  on  these  ruts,  which 
ire  worn   by  chariot  wheels  more  than  seventeen  centuries  ago ; 
d,  independently  of  their  antiquity,  it  is  remarkable  to  see  such 
ep  incisions  so  continuous  in  a  stone  of  great  hardness. 
Small  number  of  skeletons. — A  very  small  number  of  skeletons 
ve  been  discovered  in  either  city ;  and  it  is  clear  that  most  of  the 
liabitants  not  only  found  time  to  escape,  but  also  to  carry  with 
sm  the  principal  part  of  their  valuable  effects.     In  the  barracks  at 
impeii  were  the  skeletons  of  two  soldiers  chained  to  the  stocks,  and 
the  vaults  of  a  country  house  in  the  suburbs  were  the  skeletons  of 
renteen  persons,  who  appear  to  have  fied  there  to  escape  from 
3  shower  of  ashes.     They  were  found  inclosed  in  an  indurated  tuff, 
d  in  this  matrix  was  preserved  a  perfect  cast  of  a  woman,  perhaps 
)  mistress  of  the  house,  with  an  infant  in  her  arms.     Although  her 
m  was  imprinted  on  the  rock,  nothing  but  the  bones  remained. 
>  these  a  chain  of  gold  was  suspended,  and  on  the  fingers  of  the 
detons  were  rings  with  jewels.   Against  the  sides  of  the  same  vault 
B  ranged  a  long  line  of  earthen  amphors. 

The  writings  scribbled  by  the  soldiers  on  the  walls  of  their 
rracks,  and  the  names  of  the  owners  of  each  house  written  over 
i  doors  are  still  perfectly  legible.  The  colours  of  fresco  paintings 
the  stuccoed  walls  in  the  interior  of  buildings  are  almost  as  vivid 
if  they  were  just  finished.  There  are  public  fountains  decorated 
th  shells  laid  out  in  patterns  in  the  same  fashion  as  those  now  seen 
the  town  of  Naples  ;  and  in  the  room  of  a  painter,  who  was 

•  Swinbnme  and  Lalande.    IVidernii  FhiL  Trans.  175S,  vol  i  p.  619. 
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perkaptft  Mtonliat^  ft  laige  oollection  of  die^ 
a  gcMt  Tiriefgr  of  Meditemuieaa  8pooieB»  in  ai  good  a  ilifti*il 
iumwuilon  m  if  thflj  had  ranained  for  the  Hune  nimilMr  of  fHim. 
in  n  motenm.  A  oompftriaon  of  these  remaint  with  thoae  fami  a> 
generally  in*a  fbanl  state  wonU  not  assist  us  in  obtaining  tba  Ipil 
insight  into  the  time  required  to  produce  a  certain  degree  of  i/ami 
position  or  mineralisation ;  for,  although  under  favouralila.  eSnsmp. 
ataneea  much  greater  alteration  might  doubtless  ha?e  been  Una^ 
about  in  a  shorter  period,  yet  the  OTample  before  us  shows  thai  jps 
inhumation  of  seventeen  centuries  may  sometimes  efiet 
towardstherednetioiiof  shells  to  the  state  in  which  fossils  art 
found. 

The  wooden  beams  in  the  houses  at  Hercnlaneum  are  Mack  m  fc 
eodbsrior,  but,  when  deft  open,  they  appear  to  be  almost  ia  lbs  <sil 
of  ordinary  wood,  and  the  progress  made  by  the  whole  mass  tammk 
the  slate  of  lignite  is  scarcely  appredable.  Some  aniasal  -mi 
Ti^getable  substances  of  more  perishable  kinds  have  of  course  asAsil 
much  diange  and  decay,  yet  the  state  of  presenration  of  tbssa  is 
tn4y  remarkable.  Fisldng-nets  are  vexy  abundant  in  both  eMflk 
often  quite  entire ;  and  their  number  at  Pompeii  is  the  moce 
ing  from  the  sea  being  now,  as  we  stated,  a  mile  distant, 
has  been  found  at  Herculaneum,  with  the  texture  well  defined ;  sad 
in  a  fruiterer's  shop  in  that  citj  were  discovered  vessels  full  of 
almonds,  chesnuts,  walnuts,  and  fruit  of  the  '*  carubiere,"  all  dis- 
tinctly recognizable  from  their  shape,  A  loaf^  also,  still  retaining  itf 
form,  was  found  in  a  baker's  shop,  with  his  name  stamped  upon  it- 
On  the  counter  of  an  apothecary  was  a  box  of  pills  converted  into  a 
fine  earthy  substance ;  and  by  the  side  of  it  a  small  cylindrical  roll 
evidently  prepared  to  be  cut  into  pills.  By  the  side  of  these  wu  s 
jar  containing  medicinal  herbs.  In  1827,  moist  olives  were  found  in 
a  square  glass-case,  and  ''caviare,"  or  roe  of  a  fish,  in  a  state  of 
wonderful  preservation.  An  examination  of  these  curious  coDdimoati 
has  been  published  by  Covelli  of  Naples,  and  they  are  preserved 
hermetically  sealed  in  the  museum  there.* 

Papyri,  —  There  is  a  marked  difierence  in  the  condition  tod 
appearance  of  the  animal  and  vegetable  substances  found  at  Pompeii 
and  Herculaneum ;  those  of  Pompeii  being  penetrated  by  a  grey 
pulverulent  tufi*,  those  in  Herculaneum  seeming  to  have  been  firit 
enveloped  by  a  paste  which  consolidated  round  them,  and  thea 
allowed  them  to  become  slowly  carbonised.  Some  of  the  rolls  of 
papyrus  at  Pompeii  still  retain  their  form;  but  the  writing  sad 
indeed  almost  all  the  vegetable  matter,  appear  to  have  vanished,  aad 
to  have  been  replaced  by  volcanic  tuff  somewhat  pulverulent.  At 
Herculaneum  the  earthy  matter  has  scarcely  ever  penetrated;  aad 
the  vegetable  substance  of  the  papyrus  has  become  a  thin  friable 
black  matter,  almost  resembling  in  appearance  the  tinder  which 
remains  when  stiff  paper  has  been  burnt,  in  which  the  Ictterrf^msf 
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>e  sometimes  traced.  The  small  bundles  of  papTri,  composed  of 
)r  six  rolls  tied  up  together,  had  sometimes  lain  horizontally, 
were  pressed  in  that  direction,  but  sometimes  they  had  been 
1  in  a  vertical  position.  Small  tickets  were  attached  to  each 
le,  on  which  the  title  of  the  work  was  inscribed.  In  one  case 
have  the  sheets  been  found  with  writing  on  both  sides  of  the 
I.  So  numerous  are  the  obliterations  and  corrections,  that  many 
have  been  original  manuscripts.  The  variety  of  handwritings 
te  extraordinary :  nearly  all  are  written  in  Greek,  but  there  are 

in  Latin.  They  were  almost  all  found  in  a  suburban  villa  in 
ibrary  of  one  private  individual ;  and  the  titles  of  four  hundred 
>se  least  injured,  which  have  been  read,  are  found  to  be  unim- 
nt  works,  but  all  entirely  new,  chiefly  relating  to  music,  rhetoric, 
ookery.  There  are  two  volumes  of  Epicurus  "  On  Nature,"  and 
;hers  are  mostly  by  writers  of  the  same  school,  only  one  fragment 
ig  been  discovered,  by  an  opponent  of  the  Epicurean  system, 
sippus.* 
vbabilUy  of  future  discoveries  of  MSS,  —  In  the  opinion  of 

antiquaries,  not  one  hundredth  part  of  the  city  has  yet  been 
red :  and  the  quarters  hitherto  cleared  out  at  a  great  expense, 
those  where  there  was  the  least  probability  of  discovering 
scripts.  As  Italy  could  already  boast  her  splendid  Roman 
itheatres  and  Greek  temples,  it  was  a  matter  of  secondary 
ist  to  add  to  their  number  those  in  the  dark  and  dripping 
ies  of  Herculaneum ;  and  having  so  many  of  the  masterpieces 
sient  art,  we  could  have  dispensed  with  the  inferior  .busts  and 
18  which  could  alone  have  been  expected  to  reward  our  re- 
bes  in  the  ruins  of  a  provincial  town.  But  from  the  moment 
it  was  ascertained  that  rolls  of  papyrus  preserved  in  this  city 

still  be  deciphered,  every  exertion  ought  to  have  been  steadily 
jxclusively  directed  towards  the  discovery  of  other  libraries, 
tte  dwellings  should  have  been  searched,  before  so  much  labour 
expense  were  consumed  in  examining  public  edifices.  A  small 
m  of  that  zeal  and  enlightened  spirit  which  prompted  the  late 
(h  and  Tuscan  expedition  to  Egypt  might  long  ere  this,  in  a 
ry  nearer  home,  have  snatched  from  oblivion  some  of  the  lost 
}  of  the  Augustan  age,  or  of  eminent  Greek  historians  and 
K>phers.  A  single  roll  of  papyrus  might  have  disclosed  more 
r  of  intense  interest  than  all  that  was  ever  written  in  hiero- 
ics. 

ibiiB,  —  Besides  the  cities  already  mentioned,  StabisB,  a  small 
about  six  miles  from  Vesuvius,  and  near  the  site  of  the  modem 
1-a-Mare  (see  map  of  volcanic  district  of  Naples),  was  over- 
ned  during  the  eruption  of  79.     Pliny  mentions  that,  when  his 

was  there,  he  was  obliged  to  make  his  escape,  so  great  was  the 

I  one  of  the  manuscripts  which  all  the  Homeric  personages  were  alle- 

1  the  hands  of  the  interpreters  gorical  —  that    Agamemnon    was    the 

[  visited  the  mnseom  in  1828,  the  ether,  Achilles  the  sun,  Helen  the  earth, 

indulges  in  the  speculation  that  Paris  the  air,  Hector  the  moon,  &c 
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qanti^  of  ftUIng  ttODM  Bnd  uhei.  In  tb«  rains  of  ibis  place,  a  ft* 
Aablnai  hare  bean  fiMind  fanned  in  Toleenic  qectiMi^  together  will 
nme  utiqmtiee  of  do  greet  Talna,  id  roUi  of  pi^jmis,  which,  Oe 
Aon  of  Pompeii,  won  iUegilde. 

Tarrt  M  Graeo  uonfiowi  hg  lapa.  —  Ot  the  towns  hiilkstti 
■antioaeJ,  HeranleiMam  elone  Iiaa  lieea  overfloired  hy  a  sinvMi  </ 
Bdtod  nuUar ;  Imt  thie  did  not,  as  we  beve  eeen,  enter  or  injurv  tlit 
hrildiivi^  wMeh  wen  previoiud;  enveloped  or  covered  oxtr  with  taS. 
Bnt  barring  twre&ta  Iutb  (rften  taken  their  oonne  througlt  tbo  tittu 
at  Tom  del  Qreoo,  and  oonsnmed  or  incloeed  %  larg*  portion  of  ibt 
town  in  nlid  rook.  It  Menu  probable  that  the  deitraction  of  (fan 
thouwnd  ot  ita  inhabitaoti  in  1681,  which  aome  aoooonts  nttriboti 
to  boiHng  water,  was  principallj  dne  to  one  of  tboae  nllunal  bdi 
wUoh  we  belore  mentioDed:  bnt,  in  1737,  the  Ian  itself  fbw«j 
thnogfa  the  eaatem  nda  of  the  town,  and  afterwarde  reached  th««a| 
Htd,  in  1794,  anotber  eutroit,  roUiag  over  the  weaten  eid^  fiM*^ 
•treeta  and  bonae^  and  killed  more  than  four  bundled  persoiw.  Hi 
naia  atrset  ia  now  quarried  throogb  this  lava,  nhUk  aapplied  boflfiai 
atenes  for  new  honsea  ereeted  where  other*  had  been  nnnihilsuA. 
Hie  diaroh  waa  half  borled  in  a  rooky  masi^  hot  the  nppcr  portiM 
■erved  aa  the  fonndation  of  b.  new  edifice. 

The  number  of  the  population  at  present  is  estimated  at  fiFlwn 
thonund  ;  and  a  satisfactory  answer  mny  readily  be  returned  tolhoM 
who  inquire  how  the  inhabitants  can  be  bo  "  inattentive  to  the  roi<« 
of  time  and  the  warnings  of  nature,"*  as  to  rebuild  their  dwellingi 
on  a  spot  so  of^en  devostateil.  No  neighbouring  site  unoccupied  bj 
a  town,  or  which  would  not  be  equally  insecure,  comliines  ibe  sum 
advantages  of  proximity  to  the  capital,  to  the  sea,  and  to  the  rick 
lands  on  the  flanks  of  Vesuvius.  If  the  present  population  wen 
exiled,  they  would  immediately  be  replaced  by  anotber,  for  the  msm 
reason  that  the  Maremma  of  Tuscany  and  the  Campagna  di  Boot 
will  never  be  depopulated,  although  tbo  malaria  fever  commits  aon 
liavoc  in  a  few  years  than  the  Vesuvian  lavos  in  as  many  centorio- 
The  district  around  Naples  supplies  one  amongst  innumerable  ex- 
amples, that  those  regions  where  the  surface  is  most  freqacntlj 
renewed,  and  where  the  renovation  is  accompanied,  at  diSereol  iaw- 
vals  of  time,  by  partial  destruction  of  animal  and  v^etable  lif^  bsJ 
nevertheless  be  amongst  the  most  habitable  and  deligbtfol  oa  " 
globe. 

I  have  already  made  a  similar  remark  when  Gpealdog  of  tncU 
where  aqueous  causes  are  now  most  active ;  and  the  obaervab* 
applies  as  well  to  parts  of  the  surface  which  are  the  abode  of  aqntie 
animals,  as  to  those  which  support  terrestrial  spedes.  The  alopisf 
udes  of  Vesuvius  give  nourishment  to  a  vigorons  and  hsaMiy 
[Mpnlation  of  about  eighty  thousand  souls  :  and  the  surronnding  kiB* 
and  plains,  together  with  several  of  the  adjoining  isles,  owe  tto 
fertility  of  their  soil  to  matter  ejected  by  prior  emptiona.    Had  Ik 
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fandameDtal  limestoDe  of  the  Apennines  remained  uncovered  tbrongh- 
out  the  whole  area,  the  country  could  not  have  sustained  a  twentieth 
part  of  its  present  inhabitants.  This  will  be  apparent  to  every  geo- 
logist who  has  marked  the  change  in  the  agricultaral  character  of 
the  soil  the  moment  he  has  passed  the  utmost  boundary  of  the  vol- 
canic ejections,  as  when,  for  example,  at  the  distance  of  about  seven 
miles  from  Vesuvius,  he  leaves  the  plun  and  ascends  the  declivity  of 
the  Sorrentine  Hills. 

Yet,  favoured  as  this  region  has  been  by  Nature  from  time  imme- 
morial, the  signs  of  the  changes  imprinted  on  it  during  the  period 
that  it  has  served  as  the  habitation  of  man  may  appear  in  after-ages 
to  indicate  a  series  of  unparalleled  disasters.  Let  us  suppose  that  at 
some  future  time  the  Mediterranean  should  form  a  gulf  of  the  great 
ocean,  and  that  the  waves  and  tidal  current  should  encroach  on  the 
shores  of  Campania,  as  it  now  advances  upon  the  eastern  coast  of 
England ;  the  geologist  will  then  behold  the  towns  already  buried, 
and  many  more  which  will  evidently  be  entombed  herei^ter,  laid 
open  in  the  steep  clifiTs,  where  he  will  discover  buildings  superimposed 
above  each  other,  with  thick  intervening  strata  of  tuff  or  lava^- 
some  unscathed  by  fire,  like  those  of  Herculaneum  and  Pompeii; 
others  half  melted  down,  as  in  Torre  del  Greco  ;  and  many  shattered 
and  thrown  about  in  strange  confusion,  as  in  Tripergola,  beneath 
Monte  Nuovo.  Among  the  ruins  will  be  seen  skeletons  of  men,  and 
impressions  of  the  human  form  stamped  in  solid  rocks  of  tuff.  Nor 
will  the  signs  of  earthquakes  be  wanting.  The  pavement  of  part  of 
the  Domitian  Way,  and  the  temple  of  the  Nymphs,  submerged  at 
high  tide,  will  be  uncovered  at  low  water,  the  columns  remaining 
erect  and  uninjured.  Other  temples  which  had  once  sunk  down, 
like  that  of  Serapis,  will  be  found  to  have  been  upraised  again  by 
subsequent  movements.  If  they  who  study  these  phenomena,  and 
speculate  on  their  causes,  assume  that  there  were  periods  when  the 
laws  of  Nature  or  the  whole  course  of  natural  events  differed  greatly 
from  those  observed  in  their  own  time,  they  will  scarcely  hesitate  to 
T^ex  the  wonderful  monuments  in  question  to  those  primeval  ages. 
When  they  consider  the  numerous  proofs  of  reiterated  catastrophes 
to  which  the  region  was  subject,  they  may,  perhaps,  commiserate  the 
unhappy  fate  of  beings  condemned  to  inhabit  a  planet  during  its 
nascent  and  chaotic  state,  and  feel  grateful  that  their  favoured  race 
has  escaped  such  scenes  of  anarchy  and  misrule. 

Yet  what  was  the  real  condition  of  Campania  during  those  years 
of  dire  convulsion  ?  '^  A  climate  where  heaven's  breath  smells  sweet 
and  wooingly  —  a  vigorous  and  luxuriant  nature  unparalleled  in 
its  productions  —  a  coast  which  was  once  the  fairy-land  of  poets, 
and  the  favourite  retreat  of  great  men.  Even  the  tyrants  of  the 
creation  loved  this  alluring  region,  spared  it,  adorned  it,  lived  in  it, 
died  in  it"*  The  inhabitants,  indeed,  have  enjoyed  no  immunity 
from  the  calamities  which  are  the  lot  of  mankind ;  but  the  principal 
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Xktcnal  tt^itugnotnj  of  Ana— I^ttral  caDN—Ilieit  nM'cssiTc  okSwuiai— 
■■Ir  anptiMia — Mooti  Bead  tn  ISSB— Towm  (mrtowed  hj  Iitb— Art  rf 
OiWnll  mwJunwl — Mode  of  admioe  of  a  cwmt  ci  Iuth  — SiiliteiT«M« 
eanna— UariMttrataMbaMorEtna— Val  ddBcm  nol  on  anciDiit  onia— 
fii  Kaotiy — Food,  eompailiMi,  and  toigiii  of  tha  dikr.''  —  Lint'sr  dirKtioB  J 
cones  formed  in  1811  and  ISIS^Lhtu  and  breccias  —  Flood  prDdnced  tf  Aa 
melting  of  raoir  bj  kva — Glacier  covered  by  a  lav»  stnam — Vai  dd  Bb»» 
how  formed  — Slnictiire  and  origin  of  the  cone  of  Ema— Whether  the  indiwi 
■beet*  of  IsTa  were  ongiDallj  horiiootal — Antiquicj  of  Etna— Whetbo' B|H 
(^  diloTial  wares  are  observable  on  Etna. 

External  phytiognomy  of  Etna.  —  After  VesuviuB,  oar  moat  at- 
thentic  records  relate  to  Etna,  which  rises  near  the  sea  in  aoliiary 
grandear  to  the  height  of  nearly  eleven  thousand  feet.*  The  Iwae  of 
the  cone  is  almost  circular,  and  eighty-seven  English  miles  in  of 
cimiference ;  but  if  we  include  the  whole  district  over  which  iti 
lavaa  extend,  the  circuit  is  probably  twice  that  extent. 

Divided  into  three  regiom.  —  The  cone  is  divided  by  nature  into 
three  distinct  zones,  called  the  fertile,  the  woody,  and  the  dcMrf 
regions.  The  first  of  these,  comprising  the  delightful  conntrj  arooiid 
the  skirts  of  the  mountain,  is  weU  cultivated,  thickly  iohalrited,  lad 
covered  with  olives,  vines,  corn,  fruit-trees,  and  aromatic  hnta- 
Higher  up,  the  woody  region  encircles  the  mountdo— an  extenan 
forest  six  or  seven  miles  in  width,  a&brding  pasturage  for  noineTOM 
flocks.  The  trees  are  of  various  species,  the  chestnut,  oak,  and  piae 
being  most  luxuriant ;  while  in  some  tracts  are  groves  of  coA  and 

■  InlSlS.CaptainSmjtbasccTtained,  bj  carefol   1 

trigoiiometjicall]',    that    tbc     heit;ht    of  that  the  height  i 

Etna  waa  10,874  fi-et.     The  CutaiiiadB,  Binpilar  agreem — 
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beech.  Above  the  forest  is  the  desert  region,  a  waste  of  bkck  lava 
md  scorisB ;  where,  on  a  kind  of  plain,  rises  a  cone  of  eruption  to  the 
beight  of  about  eleven  hundred  feet,  from  which  sulphureous  vapours 
are  continually  evolved. 

Cones  produced  by  lateral  eruption, — The  most  grand  and  original 
Teature  in  the  physiognomy  of  Etna  is  the  multitude  of  minor  cones 
which  are  distributed  over  its  flanks,  and  which  are  most  abundant  in 
the  woody  region.  These,  although  they  appear  but  trifling  irregu- 
larities when  viewed  from  a  distance  as  subordinate  parts  of  so  im- 
posing and  colossal  a  mountain,  would,  nevertheless,  be  deemed  hills 
of  considerable  altitude  in  almost  any  other  region.  Without  enume- 
rating numerous  monticules  of  ashes  thrown  out  at  different  points, 
there  are  about  eighty  of  these  secondary  volcanos,  of  considerable 
dimensions ;  fifty-two  on  the  west  and  north,  and  twenty-seven  on  the 
east  side  of  £tna.  One  of  the  largest,  called  Monte  Minardo,  near 
Bronte,  is  upwards  of  700  feet  in  height,  and  a  double  hill  near 
Nicolosi,  called  Monti  Rossi,  formed  in  1669,  is  450  feet  high,  and 
the  base  two  miles  in  circumference  ;  so  that  it  somewhat  exceeds  in 
size  Monte  Nuovo,  before  described.  Tet  it  ranks  only  as  a  cone  of 
the  second  magnitude  amongst  those  produced  by  the  lateral  eruptions 
of  £tna.  On  looking  down  from  the  lower  borders  of  the  desert  re- 
gion, these  volcanos  present  us  with  one  of  the  most  delightful  and 
characteristic  scenes  in  Europe.  They  afford  every  variety  of  height 
and  size,  and  are  arranged  in  beautiful  and  picturesque  groups.  How- 
ever uniform  they  may  appear  when  seen  from  the  sea,  or  the  plains 
below,  nothing  can  be  more  diversified  than  their  shape  when  we  look 
from  above  into  their  craters,  one  side  of  which  is  generally  broken 
down.  There  are,  indeed,  few  objects  in  nature  more  picturesque 
than  a  wooded  volcanic  crater.  The  cones  situated  in  the  higher 
parts  of  the  forest  zone  are  chiefly  clothed  with  lofty  pines ;  while 
those  at  a  lower  elevation  are  adorned  with  chestnuts,  oaks,  beech, 
and  holm. 

Successive  obliteration  of  these  cones. — The  history  of  the  erup- 
tions of  Etna,  imperfect  and  interrupted  as  it  is,  affords  us,  neverthe- 
less, much  insight  into  the  manner  in  which  the  whole  mountain  has 
successively  attained  its  present  magnitude  and  internal  structure. 
The  principal  cone  has  more  than  once  fallen  in  and  been  reproduced. 
In  1444  it  was  320  feet  high,  and  fell  in  after  the  earthquakes  of  1537. 
In  the  year  1693,  when  a  violent  earthquake  shook  the  whole  of  Sicily* 
and  killed  sixty  thousand  persons,  the  cone  lost  so  much  of  its  height, 
says  Boccone,  that  it  could  not  be  seen  from  several  places  in  Yalde- 
mone,  from  which  it  was  before  visible.  The  greater  number  of  erup- 
tions happen  either  from  the  great  erater,  or  from  lateral  openings  in 
the  desert  region.  When  hills  are  thrown  up  in  the  middle  zone, 
and  project  beyond  the  general  level,  they  gradually  lose  their  height 
daring  subsequent  eruptions;  for  when  lava  runs  down  from  the 
npper  parts  of  the  mountain,  and  encounters  any  of  these  hills,  the 
stream  is  divided,  and  flows  round  them  so  as  to  elevate  the  gently 
sloping  grounds  from  which  they  rise.    In  this  manner  a  deduction 
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is  often  made  at  once  of  twenty  or  thirty  feet,  or  even  more,  frai 
their  height.  Thus,  one  of  tlie  minor  cones,  called  Monte  PdoHV 
was  diminished  in  altitude  by  a  great  lava  stream  which  encircled  it 
in  1444 ;  and  another  current  has  recently  taken  the  same  course-' 
yet  this  hill  still  remains  four  or  five  hundred  feet  high. 

There  is  a  cone  called  Monte  Nucilla  near  Nicolosi,  round  the  bass 
of  which  several  successive  currents  have  flowed,  and  showers  of 
ashes  have  fallen,  since  the  time  of  history,  till  at  last,  during  in 
eruption  in  1536,  the  surrounding  plain  was  so  raised,  that  the  top 
of  tiie  cone  alone  was  left  projecting  above  the  general  level.  Mont« 
Nero,  situated  above  the  Grotta  dell'  Capre,  was  in  1766  almost  sub- 
merged by  a  current :  and  Monte  Capreolo  afforded,  in  the  year  1669» 
a  curious  example  of  one  of  the  last  stages  of  obliteration  ;  for  a  lava 
stream,  descending  on  a  high  ridge  which  had  been  built  up  by  the 
continued  superposition  of  successive  lavas,  flowed  directly  into  the 
crater,  and  nearly  filled  it.  The  lava,  therefore,  of  each  new  latoil 
cone  tends  to  detract  from  the  relative  height  of  lower  cones  abon 
their  base ;  so  that  the  flanks  of  Etna,  sloping  with  a  gentle  indina* 
tion,  envelop  in  succession  a  great  multitude  of  minor  Toieanoi^ 
while  new  ones  spring  up  from  time  to  time. 

Early  erupfiotis  of  Etna.  —  Etna  appears  to  have  been  in  activity 
from  the  earliest  times  of  tradition ;  for  Diodorus  Siculus  mentions 
an  eruption  which  caused  a  district  to  be  deserted  by  the  Sicani 
before  the  Trojan  war.  Thucydides  informs  us,  that  in  the  sixth 
year  of  the  Peloponnesian  war,  or  in  the  spring  of  the  year  42-5  r^c,  a 
lava  stream  ravafred  the  environs  of  Catania,  and  this  he  says  wa<  th»' 
third  eruption  which  had  happened  in  Sicily  since  the  colonizatii»n  of 
that  island  by  the  Greeks.*  The  second  of  the  three  eruption? 
alluded  to  by  the  historian  took  phice  in  the  year  47o  ikC,  and  wa« 
that  so  j)oetically  described  by  Pindar,  two  years  afterwards,  in  his 
first  Pythian  ode  :  — 

Ktuy 
A'  ovpavia  avt'(\ci 
Ni<J>o«(T<r'  AiTi'a,  Troi'trts 
Xiut/oi  o^fias  TiOrjya. 

In  these  and  the  seven  verses  which  follow,  a  graphic  do5eripli«n 
is  given  of  Etna,  such  as  it  appeared  five  centuries  before  tbt 
Christian  era,  and  such  as  it  has  been  seen  when  in  eruption  in 
niodirn  times.  The  |>oet  is  only  making  a  passing  allusion  to  iKe 
Sicilian  volcano,  as  the  mountain  under  which  Tvnlia^us  lav  burir«l. 
yet  hy  a  few  touches  of  his  master  hand  every  striking  feature  ol  lb*" 
scene  has  been  faithl'ully  pourtrayed.  We  are  told  of  "  the  snowy 
Etna,  the  pillar  of  heaven,  —  the  nurse  of  everlasting  frost,  in  wIk*€ 
deep  caverns  lie  con^eah'd  the  fountains  of  unapproachable  fire  —  * 
stream  of  eddying  smoke  by  day  —  a  bright  and  ruddy  flame  Vj 
night ;  and  burning  rocks  rolled  down  with  loud  uproar  into  the  ka.' 

•  hmjk  iii.,  ut  the  end. 
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SntptioM  of  1669  —  Monti  Rom  formed,  — ThB  great  eruption 
which  happened  in  the  year  1669  is  the  first  which  chums  particular 
attention.  An  earthquake  had  levelled  to  the  ground  all  the  houses 
in  Nicolou,  a  town  situated  near  the  lower  mai^^  of  the  woody 
region,  about  twenty  miles  from  the  summit  of  Etna,  and  tea  from 
the  sea  at  Catania.  Two  gulfs  then  opened  near  that  town,  from 
whence  sand  and  scorife  were  thrown  up  in  such  quantity,  that  in  the 
coarse  of  three  or  four  months,  a  double  cone  was  formed,  called 
Uoati  Rossi,  about  450  feet  high.    But  the  most  extraordinary  phe- 


nomenon occurred  at  the  commencement  of  the  convulsion  in  the 
plain  of  S.  Lio.  A  fissure  six  feet  broad,  and  of  unknown  depth, 
opened  with  a  loud  crash,  and  ran  in  a  somewhat  tortuous  conrse 
to  within  a  mile  of  the  summit  of  Etna.  Its  direction  was  from  north 
to  south,  and  its  length  twelve  miles.  It  emitted  a  most  vivid  light. 
Five  other  parallel  fissures  of  considerable  length  afterwards  opened 
one  after  the  other,  and  emitted  smoke,  and  gave  out  bellowing  sounds 
which  wero  heard  at  the  distance  of  forty  miles.  This  case  seems  to 
present  the  geologist  with  an  illustration  of  the  manner  in  which 
those  continuous  dikes  of  vertical  porphyry  were  formed,  which  are 
seen  to  traverse  some  of  the  older  lavas  of  Etna;  for  the  light  emitted 
from  the  great  rent  of  S.  Lio  appears  to  indicate  that  the  fissure 
was  filled  to  a  certain  height  with  incandescent  lava,  probably  to  the 
height  of  an  orifice  not  far  distant  from  Monti  Rossi,  which  at  that 
time  opened  and  poured  out  a  lava  current.  When  the  melted 
matter  in  such  a  rent  lias  cooled,  it  must  become  a  solid  wall  or  dike, 
intersecting  the  older  rocks  of  which  the  mountain  is  composed ; 
similar  rents  have  been  observed  during  subsequent  eruptions  as  in 
1832,  when  they  ran  in  all  directions  from  the  centre  of  the  volcano^ 

■  The  bin  which  I  have  here  intro-    the  neamt  to  this,  which  I  6n<1  In  Ofdh 
dnced  was  called  hj  mj  g^ide  Vampo-    mdtaio's  CsMlugae  of  MinM:  Conei. 
Uia,  bnt  the  oatno  gireu  in  the  toxt  is 
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It  has  been  justly  remarked  by  M.  Elie  de  Beaumont,  that  such  stv^ 
shaped  fractures  may  indicate  a  slight  upheaval  of  the  whole  of  Ecbl 
They  may  be  the  signs  of  the  stretching  of  the  mass,  which  may  thw 
be  raised  gradually  by  a  force  from  below.* 

The  lava  current  of  1669,  before  alluded  to,  soon  reached  in  in 
course  a  minor  cone  called  Mompiliere,  at  the  base  of  which  it  entered 
a  subterranean  grotto,  communicating  with  a  suite  of  those  carem 
which  are  so  common  in  the  lavas  of  Etna.  Here  it  appears  to  hara 
melted  down  some  of  the  vaulted  foundations  of  the  hill,  so  that  the 
whole  of  that  cone  became  slightly  depressed  and  traversed  by  nimie- 
rous  open  fissures. 

Part  of  Catania  destroyed.  —  The  lava,  after  overflowing  four- 
teen towns  and  villages,  some  having  a  population  of  between  three 
and  four  thousand  inhabitants,  arrived  at  length  at  the  walls  of 
Catania.  These  had  been  purposely  raised  to  protect  the  city;  bnt 
the  burning  flood  accumulated  till  it  rose  to  the  top  of  the  rampart, 
which  was  sixty  feet  in  height,  and  then  it  fell  in  a  fiery  cascade  and 
overwhelmed  part  of  the  city.  The  wall,  however,  was  not  tfarowa 
down,  but  was  discovered  long  afterwards,  by  excavations  made  is 
the  rock  by  the  Prince  of  Biscari ;  so  that  the  traveller  may  now  $tt 
the  solid  lava  curling  over  the  top  of  the  rampart  as  if  still  in  the 
very  act  of  fsilling. 

This  fjreat  current  performed  the  first  thirteen  miles  of  its  course 
in  twenty  days,  or  at  the  rate  of  162  feet  per  hour,  but  requirri 
twenty-three  days  for  the  last  two  miles,  giving  n  velocity  of  on'v 
twenty-two  feet  per  hour  ;  and  we   learn  from  Dolomieu  thai  tie 
stream  moved  during  part  of  its  course  at  the  rate  of  loOO  feet  an 
hour,  and  in  others  took  sev(?ral  days  to  cover  a  few  yards.f     When 
it  entered  the  sea  it  was  still  six  hundred  yards  broad,  and  forty  fett 
deep.     It  covered  some  territories  in  the  environs  of  Catania,  whiilj 
liad  never  before  been  visited  by  the  lavas  of  Etna.     While  moviii;: 
on,  its  surface  was  in  general  a  mass  of  solid  rock ;  and  its  mo<le  it 
advancing,  as  is  usual  with  lava  streams,  was  by  the  occasional  fissnr- 
ing  of  the  solid  walls.     A  gentleman  of  Catania,  named  l*ap{>alarii"S 
de^iring  to  secure  tlie  city  from  the  aj)proach  of  the  threatenini:  tor- 
rent, went  out  with  a  party  of  tifty  men  wliom  he  had  dressed  i'l 
skins  to  protert  them  from  the  heat,  and  armed  with  iron  cmw*  an  1 
liooks.     Tliry  hrokt;  open  one  of  the  solid  walls  which  thinked  tlf 
current   near  lirlpassn,   and   imme<liati'ly  forth   issued   n   rivuh-l  <■! 
m«'lt<'d  matt«T  which  took  the  direction  of  PatiTno  ;  but  the  inhahii- 
ants  of  that  tnwn,  hv'mfr  alarmed  for  their  safety,  tiK)k  up  arms  and  put 
u  stop  to  farther  operations. J 

As  another  illustration  of  the  solidity  of  the  walls  of  an  ndvancin? 
lava  stream,  1  may  mention  an  a<lventure  related  by  UecujH'n*,  ^hi^ 
in  17()(),  had  ascended  a  ^mall  hill  formed  of  ancient  volcanic  mattir, 

♦  >rrin.    iK'iir    stTvir,    &c..    torn.    iv.     lS4f),  p.  1. '>.').,  rm  Vohvity  of  I^\  a. 
p.  lHi.  I  Fcrrani,  iXiicriz.  dcU'  Ktiiju  p.  U-?^. 

t  See  IVof.  J.  1).  Forces,  riiil.  Tnins., 
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bold  the  slow  and  gradual  approach  of  a  fiery  current,  two  miles 
i  half  broad  ;  when  suddenly  two  small  threads  of  liquid  matter 
ig  from  a  crevice  detached  themselves  from  the  main  stream,  and 
rapidly  towards  the  hill.  He  and  his  guide  had  just  time  to 
»e,  when  they  saw  the  hill,  which  was  fifty  feet  in  height,  sur- 
ied,  and  in  a  quarter  of  an  hour  melted  down  into  the  burning 
y  so  as  to  flow  on  with  it. 

It  it  must  not  be  supposed  that  this  complete  fusion  of  rocky 
er  coming  in  contact  with  lava  is  of  universal,  or  even  common, 
rrence.    It  probably  happens  when  fresh  portions  of  incandes- 

matter  come  successively  in  contact  with  fusible  materials.  In 
f  of  the  dikes  which  intersect  the  tufis  and  lavas  of  Etna,  there 
ircely  any  perceptible  alteration  efiected  by  heat  on  the  edges  of 
lorizontal  beds,  in  contact  with  the  vertical  and  more  crystalline 
.  On  the  site  of  Mompiliere,  one  of  the  towns  overflowed  in  the 
t  eruption  above  described,  an  excavation  was  made  in  1704; 
by  immense  labour  the  workmen  reached,  at  the  depth  of  thirty- 
Feet,  the  gate  of  the  principal  church,  where  there  were  three 
es,  held  in  high  veneration.  One  of  these,  together  with  a  bell, 
i  money,  and  other  articles,  were  extracted  in  a  good  state  of 
irvadon  from  beneath  a  great  arch  formed  by  the  lava.     It  seems 

extraordinary  that  any  works  of  art,  not  encased  with  tuff,  like 
i  in  Herculaneuro,  should  have  escaped  fusion  in  hollow  spaces 
open  in  this  lava  current,  which  was  so  hot  at  Catania  eight 
3  after  it  entered  the  town,  that  it  was  impossible  to  hold  the 
I  in  some  of  the  crevices. 

\ibterranean  caverns  on  Etna, — Mention  was  made  of  the  en- 
;e  of  a  lava-stream  into  a  subterranean  grotto,  whereby  the 
dations  of  a  hill  were  partially  undermined.  Such  underground 
iges  are  among  the  most  curious  features  on  Etna,  and  appear  to 

been  produced  by  the  hardening  of  the  lava,  during  the  escape 
reat  volumes  of  elastic  fluids,  which  are  often  discharged  for 
Y  days  in  succession,  after  the  crisis  of  the  eruption  is  over, 
r  Nicolosi,  not  far  from  Monti  Rossi,  one  of  these  great  openings 
be  seen,  called  the  Fossa  della  Palomba,  625  feet  in  circumference 
s  mouth,  and  seventy- eight  deep.     After  reaching  the  bottom  of 

we  enter  another  dark  cavity,  and  then  others  in  succession, 
ttimes  descending  precipices  by  means  of  ladders.  At  length  the 
ts  terminate  in  a  great  gallery  ninety  feet  long,  and  from  fifteen 
ifty  broad,  beyond  which  there  is  still  a  passage,  never  yet 
ored ;  so  that  the  extent  of  these  caverns  remains  unknown.  * 
walls  and  roofs  of  these  great  vaults  are  composed  of  rough  and 
ling  scoriae,  of  the  most  fantastic  forms. 

^arine  strata  at  base  of  Etna. — If  we  skirt  the  fertile  region  at 
lase  of  Etna  on  its  southern  and  eastern  sides,  we  behold  marine 
a  of  clay  sand,  and  volcanic  tuff,  cropping  out  from  beneath  the 
em  lavas.    The  marine  fossil  shells  occurring  in  these  strata  are 

*  Ferrara,  Descris.  dell*  Etna.    Palermo,  1818. 
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all  of  them,  or  nearly  all,  identical  with  species  now  inhabiting 
Mediterranean ;  and  oa  they  appear  at  the  height  of  from  600  to  900 
feet  above  the  sea  near  Catania,  thej  clearly  prove  that  there 
been  in  this  region,  as  in  other  parts  of  Sicily  farther  to  the  south,  a 
upward  movement  of  the  ancient  bed  of  the  sea.     It  is  fair,  thi 
to  infer  that  the  whole  mountain,  with  the  exception  of  those  parU 
which  are  of  very  modern  origin,  has  participated  in  tliis  uphesTol. 

If  we  view  Etna  from  the  south,  we  see  the  marine  deputits  aboTS 
alluded  to,  forming  a  low  line  of  hills  («,  e,  Sg.  47.)  or  a  steep  inland 
slope  or  clifr(y),  as  in  the  annexed  drawing  taken  from  the  lime' 
Stone  platform  of  Primosole.     It  should    be   observed   Itowevcr,  in 
reference  to  this  view,  that  the  height  of  the  volcanic  cone  is 
times  greater  than  the  hills  at  its  base  {e,  e),  although  it  appears 
elevated,  because  the  summit  of  the  cone  is  ten  or  twelve  times  n 
distant  from  the  plain  of  Catania  than  is  Licodia. 


Id  UDdf  bcdi  ttlib  1  Irw  thrtit,  ^  m 


ij-^ 


*,  PliilnofCUMi.. 

The  mountain  is  in  general  of  a  very  symmetrical  form,  a  flattened 
cone  broken  on  its  eaafern  side,  by  a  deep  valley,  colled  the  Vil  dfl 
Biive,  or  in  the  provincial  dialect  of  the  peasants,  "  Val  di  Bnf^'Iiir 
here  the  herdsman 


Dr.  Buckland  was,  I  believe,  the  first  English  geologist  vh> 
examined  this  valley  with  attention,  and  I  am  indebted  to  him  for 
having  described  it  to  me,  before  I  visited  Sicily,  as  more  worilif 
of  attention  than  any  single  spot  in  that  island,  or  perh^  in 
Europe. 

The  Val  del  Bove  commences  near  the  summit  of  Etna,  ui 
descending  into  the  woody  region,  is  farther  continued  on  one  «i* 
by  a  second  and  narrower  valley,  colled  the  Val  di  Colanna.  B*Io« 
this  another,  named  the  Val  di  St.  OiMomo,  bcgine> — n  longnv 
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row  ravine,  which  is  prolonged  to  the  neighbourhood  of  Zaffarana 
(e,  fig.  48.),  on  the  confines  of  the  fertile  region.  These  natural  in- 
cisions into  the  side  of  the  volcano  are  of  such  depth  that  they  expose 


Fi&48. 


Greal  rkiley  on  the  Mat  side  of  Etna. 


a.  Highest  cone. 

e.  Head  of  Val  del  Bore. 


e.  Village  of  Zaflkrana  on  the  lower  border  of  the  woody  region. 


A,  Montagnuola. 

d,  d,  Serre  del  Solfizio. 


/,  One  of  the  lateral  cones. 


g,  Monti  RossL 


to  view  a  great  part  of  the  structure  of  the  entire  mass,  which,  in 
the  Yal  del  Boye,  is  laid  open  to  the  depth  of  from  3000  to  above 
4000  feet  from  the  summit  of  Etna.  The  geologist  thus  enjoys 
an  opportunity  of  ascertaining  how  far  the  internal  conformation  of 
the  oone  corresponds  with  what  he  might  have  anticipated  as  the 
result  of  that  mode  of  increase  which  has  been  witnessed  during  the 
historical  era. 

Description  of  FtcUe  HI. —  The  accompanying  view  (PL  III.)  is 
part  of  a  panoramic  sketch  which  I  made  in  November,  1828,  and 
may  assist  the  reader  in  comprehending  some  topographical  details  to 
be  alladed  to  in  the  sequel,  although  it  can  convey  no  idea  of  the 
picturesque  grandeur  of  the  scene. 

The  great  lava-currents  of  1819  and  1811  are  seen  pouring  down 
from  the  higher  parts  of  the  valley,  overrunning  the  forests  of  the 
great  plain,  and  rising  up  in  the  foreground  on  the  left  with  a 
rugged  surface,  on  which  many  hillocks  and  depressions  appear, 
such  as  often  characterize  a  lava-current  immediately  after  its 
consolidation. 

The  small  cone.  No.  7.,  was  formed  in  1811,  and  was  still  smoking 
when  I  saw  it  in  1828.  The  other  small  volcano  to  the  left,  from 
which  vapour  is  issuing,  was,  I  believe,  one  of  those  formed  in 
1819. 

The  following  are  the  names  of  some  of  the  other  points  indicated 
in  the  sketch: — 


1,  Montagnnola. 

2,  Torre  del  Filosofo. 

3,  Highest  cone. 

4,  Lepra. 


5,  Finocchio. 

6,  Capra. 

7,  Cone  of  1811. 

8,  Cima  del  Asino. 


9,  Mnsara. 

10,  2k)colaro. 

11,  Rocca  di  Colanna. 


Description  of  Plate  TV". — The  second  view  (PI.  IV.)  represents 
the  same  valley  as  seen  from  above,  or  looking  directly  down  the  Val 
del  Bove,  from  the  summit  of  the  principal  crater  formed  in  1819.* 

*  This  view  is  taken  from  a  sketch    after  comparison  with  several  sketches  of 
made  by  Mr.  James  Bridges,  corrected    my  own. 
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1  am  unable  to  point  oat  ihe  precise  spot  winch  lliis  crater  would 
occupy  in  tlie  view  represented  in  Plate  III. :  but  I  conceive  thit 
it  would  appear  in  the  face  of  the  great  precipii*,  near  which  the 
smoke  issuing  from  the  cone  No.  7.  is  made  to  terminate.  There 
mre  many  ledges  of  rock  on  the  face  of  that  precipice  where  eruptions 
have  occurred. 

The  circular  form  of  the  Val  del  Biive  ia  well  shown  in  this  view. 
(PI.  IV.)  To  the  right  and  left  are  the  lofty  precipices  which  fono 
the  southern  and  northern  sidea  of  the  greut  valley,  and  which  w 
iniereectcd  by  dikes  projecting  in  the  manner  afterwards  to  be 
described.  In  the  distance  appears  the  "  fertile  region"  of  EVu, 
extending  like  a  great  plain  along  the  sea  coast, 

The  spots  particularly  referred  to  in  the  plate  are  the  following:— 

a.  Capo  SpartiTcnlo,  in  Italy,  of  whkh  ihc  outline  ia  teea  ia  the  diNUce. 

b.  Thi-  (ironioiilnry  of  Tuonuinu,  on  the  SiciliOin  coast. 

c.  The  river  Alcanlra. 

■^  Thd  small  *iUai^  of  BipotM. 

yi  Hie  tunn  of  Ad  Boalc. 

g,  Cjrclopiiui  i^Ands,  or  "  Farogrioni,'  in  the  Bajr  or  I^m. 

ft,  Tlic  grew  harbour  of  Syracuse. 

i.  The  Lake  of  Lcntinl 

1.   The  eiij  of  C«tania,  near  which  la  marked  Ihu  intane  of  the  lava  whicli  *o"'J 

fr<.mi  th|.  Monli  Ro-ti  in  1669,  ihkI  J.slmvrrI  p«n  of  Ihe  cilT. 
,   To  the  left  or  the  view  is  the  crater  of  lSll|  wliich  ii  also  abown  at  Ho.  I-" 

Flatein. 
m.  Rock  of  Hiuara,  also  teen  at  No.  9.  in  Plate  IIL 
e.  Valley  of  CiUbiul 

The  Tal  del  Bove  is  of  truly  magnificent  dimensions,  a  TUt 
amphitheatre  four  or  five  miles  in  diameter,  surrounded  by  netrl; 
vertical  precipices,  varying  from  1000  to  above  3000  feet  in  height, 
the  loftiest  being  at  the  upper  end,  and  the  height  gradusUy 
diminishing  on  both  sides.  The  feature  which  first  strikes  the  geo- 
logist as  distinguishing  the  boundary  cliffs  of  this  valley,  is  the  pro> 
digioua  multitude  of  vertical  dikes  which  are  seen  in  all  directions 
traversing  the  volcanic  beds.  The  circular  form  of  this  great  chasm, 
and  the  occurrence  of  these  countless  dikes,  Rmounting  perhaps  to 
several  thousands  in  number,  so  forcibly  recalled  to  my  mind  ths 
phenomena  of  the  Atrio  del  Gavallo,  on  Vesuvius,  that  I  at  first 
imagined  that  I  had  entered  a  vast  crater,  on  a  scale  aa  far  exceeding 
that  of  Somma,  as  Etna  surpasses  Vesuvius  in  magnitude. 

But  I  was  soon  undeceived  when  I  had  attentively  explored  the 
different  sides  of  the  great  amphitheatre,  in  order  to  Batisfy  mysdf 
whether  the  semicircular  wall  of  the  Val  del  Bove  had  ew  fc^med 
the  boundary  of  a  crater,  and  whether  the  beds  had  the  same  qni- 
qua-versal  dip  which  is  so  beautifully  exhibited  in  the  escarpment 
of  Somma.  Had  the  supposed  analogy  between  Somma  and  the 
Val  del  Bove  held  true,  the  tuffs  and  lavas  at  the  head  of  the  valley 
would  have  dipped  to  the  west,  those  on  the  north  side  towards  the 
north,  and  those  on  the  southern  side  to  the  south.  But  such  I  did 
not  Gad  to  be  the  inclination  of  the  beds ;  the^  all  dip  towaidi  the 
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earljr  east,  as  in  the  valleys  of  St.  Giacomo  and  Calanna 

y  of  the  Vol  del  Bove, — Let  the  reader  picture  to  himself  a 
)hitheatre,  five  miles  in  diameter,  and  surrounded  on  three 

precipices  from  2000  to  3000  feet  in  height.  If  he  has 
at  most  picturesque  scene  in  the  chain  of  the  Pyrenees,  the 
1  "cirque  of  Gavamie,"  he  may  form  some  conception  of 
dficent  circle  of  precipitous  rocks  which  inclose,  on  three 
J  great  plain  of  the  Val  del  Bove.  This  plain  has  been 
)y  repeated  streams  of  lava  ;  and  although  it  appears  almost 
en  viewed  from  a  distance,  it  is,  in  fact,  more  uneven  than 
ce  of  the  most  tempestuous  sea.  Besides  the  minor  irre- 
1  of  the  lava,  the  valley  is  in  one  part  interrupted  by  a  ridge 

two  of  which,  Musara  and  Capra,  are  very  prominent.  It 
y  be  said  that  they 


"  like  giants  stand 

To  sentinel  enchanted  land ; " 

jgh,  like  the  Trosachs,  in  the  Highlands  of  Scotland,  they 
gantic  dimensions,  and  appear  almost  isolated,  as  seen  from 
nts,  yet  the  stern  and  severe  grandeur  of  the  scenery  which 
'n  is  not  such  as  would  be  selected  by  a  poet  for  a  vale  of 
ient.  The  character  of  the  scene  would  accord  far  better 
ton's  picture  of  the  infernal  world;  and  if  we  imagine 
to  behold  in  motion,  in  the  darkness  of  the  night,  one  of 
y  currents  which  have  so  often  traversed  the  great  valley, 
«rell  recall 

"  yon  dreary  plain,  forlorn  and  wild. 


The  seat  of  desolation,  void  of  light. 

Save  what  the  glimmering  of  these  livid  flames 

Casts  pale  and  dreadful" 

ice  of  the   precipices   already  mentioned  is  broken  in  the 
turesque   manner  by  the  vertical  walls  of  the  lava  which 

them.  These  masses  usually  stand  out  in  relief,  are 
gly  diversified  in  form,  and  of  immense  altitude.  In  the 
their  black  outline  may  often  be  seen  relieved  by  clouds  of 
ipour  which  settle  behind  them,  and  do  not  disperse  until 

continuing  to  fill  the  valley  while  the  sun  is  shining  on 
ler  part  of  Sicily,  and  on  the  higher  regions  of  Etna. 
3n  as  the  vapours  begin  to  rise,  the  changes  of  scene  are 
I  the  highest  degree,  different  rocks  being  unveiled  and 
y  turns,  and  the  summit  of  Etna  often  breaking  through  the 
)r  a  moment  with  its  dazzling  snows,  and  being  then  as 
•  withdrawn  from  the  view, 
lusual  silence  prevails;   for  there  are  no  torrents  dashing 

rocks,  nor  any  movement  of  running  water  in  this  valley 

may  almost  invariably  be  heard  in  mountainous  regions, 
rop  of  water  that  faUs  from  the  heavens,  or  flows  from  the 
ice  and  snow,  is  instantly  absorbed  by  the  porous  lava ;  and 
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'  nunr  laid  li : 


meh  ia  the  deaitb  of  gpnnga,  that  t!u  herdBman 
•iq^y  bis  flodu,  during  the  hot  season,  from  stores  of 
in  Ik^ows  of  the  swantun  dnring  winter. 

TIm  strips  of  green  herbage  and  forest  land,  which  hare  hata  ail 
there  escaped  the  banung  lavas,  serve,  hy  oontrast,  to  hdgfateB  tte 
desoktion  of  the  scene.  When  I  visited  the  vaU«f ,  nine  jmn  ate 
the  cnption  of  1819, 1  saw  hundreds  of  trees,  or  ratliar  the  wWM 
skeletons  of  trees,  on  the  borders  of  the  blsck  lava,  the  trtnks  «l 
Inanches  being  all  leafleei^  and  deprived  of  their  bark  hj  the  somb> 
ing  heat  emitted  trma  the  melted  rock ;  an  image  recalling  thai 
bMWtifnl  lines:  — 

"  A«  when  hesTen't  fin 

Hath  feath'd  the  fomt  oaki,  or  moimtalii  piiM, 
VUb  tioBad  ta)i  tbdr  rtatelj  grawth,  tiraagh  bam 
StsBdi  on  the  tdMted  heMh." 

Form,  evmporiHon,  and  origin  <if  At  JUtet.  —  But  without  if 
dnlging  the  imagination  anj  longer  in  deacriptioos  of  scenery,  I  wMf 
observe  that  the  dikes  before  mentioned  foim  unquestioaabty  tia 
most  interesting  geological  phenomenon  in  the  Tal  del  Bove.  SoM 
of  these  are  composed  of  trachjte,  others  of  compact  bine  bsMit  wiik 
olivine.  They  vary  in  breadth  from  two  to  twenty  feet  and  upwwds, 
aud  usually  project  from  the  face  of  the  cliffs,  aa  represented  in  il" 
annexed  drawing  (fig.  49.),     They  consist  of  border  materials  ihu 


the  strata  which  they  traverse,  and  therefore  waste  away  le«  TVl/iik] 
under  tbe  influence  of  tbat  repeated  congelation  and  l~ 
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which  the  rocks  in  this  zone  of  Etna  are  exposed.  The  dikes  are, 
for  the  most  part,  vertical  but  sometimes  they  run  in  a  tortuous 
course  through  the  tuffs  and  breccias,  as  represented  in  fig.  50. 
In  the  escarpment  of  Somma,  where  similar  walls  of  lava  cut  through 
alternating  beds  of  sand  and  scoriae,  a  coating  of  coal-black  rock, 
approaching  in  its  nature  and  appearance  to  pitchstone,  is  seen  at 
the  contact  of  the  dike  with  the  intersected  beds.  I  did  not  observe 
such  parting  layers  at  the  junction  of  the  Etnean  dikes  which  I 
examined,  but  thej  may  perhaps  be  discoverable. 

Fig.  50. 


Tortaoiu  Telnt  of  lava,  at  Panto  di  Glumento,  Etna. 

The  geographical  position  of  these  dikes  is  most  interesting,  as 
they  are  very  numerous  near  the  head  of  the  Val  del  Bove,  where 
the  cones  of  1811  and  1819  were  thrown  up,  as  also  in  that  zone  of 
the  mountain  where  lateral  eruptions  are  frequent ;  whereas  in  the 
Valley  of  Calanna,  which  is  below  that  parallel,  and  in  a  region 
where  lateral  eruptions  are  extremely  rare,  scarcely  any  dikes  are 
seen,  and  none  whatever  still  lower  in  the  valley  of  St.  Giacomo. 
This  is  precisely  what  we  might  have  expected,  if  we  consider  the 
vertical  fissures  now  filled  with  rock  to  have  been  the  feeders  of 
lateral  cones,  or,  in  other  words,  the  channels  which  gave  passage  to 
the  lava  currents  and  scorise  that  have  issued  from  vents  in  the  forest 
zone.  In  other  parts  of  Etna  there  may  be  numerous  dikes  at  as  low 
a  level  as  the  Valley  of  Calanna,  because  the  line  of  lateral  eruptions 
is  not  everywhere  at  the  same  height  above  the  sea ;  but  in  the  sec- 
tion above  alluded  to,  there  appeared  to  me  an  obvious  connection 
between  the  frequency  of  dikes  and  of  lateral  eruptions. 

Some  fissures  may  have  been  filled  from  above,  but  I  did  not  see 
any  which  by  terminating  downwards,  gave  proof  of  such  an  origin. 
Almost  all  the  isolated  masses  in  the  Val  del  Bove,  such  as  Capra, 
Musara,  and  others,  are  traversed  by  dikes,  and  may,  perhaps,  have 
partly  owed  their  preservation  to  that  circumstance,  if  at  least  the 
action  of  occasional  fioods  has  been  one  of  the  destroying  causes  in 
the  Val  del  Bove ;  for  there  is  nothing  which  affords  so  much  pro- 
tection to  a  mass  of  strata  against  the  undermining  action  of  running 
water  as  a  perpendicular  dike  of  hard  rock. 
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In  the  accompany  in;;  drawing  (lig.  SI.)  tlie  flowing  of  tb«  Isni 
of  1811  and  1S19,  between  the  rocks  Finocliio,  Capra,  and  UuMUii 
is  represented.  The  height  of  the  two  la.«t -mentioned  isolated  muM 
hoB  been  much  diminished  by  the  elevation  of  their  bafe,  caused  ij 
tliese  currents.  Tliey  may,  perliapei,  be  t])e  remnants  of  latenl  conin 
which  existed  before  the  Vat  del  Bove  was  formed,  and  may  ben- 
after  be  unce  more  buried  by  the  lavas  that  are  now  accumulating  ii 
tlie  valli-y. 


t^tn^ams  ..f  Una  «l.iJi 

Ill-lhllV,   wh..  «illlC--nl 

tlji.v-<;iTLi|ilii>iis,  inform.*  ns  lliut  thr  grt'al  crater  In  l"*!!  tirst  IvMiu.-l 
by  lis  h.uil  U.-toriations  lliat  !i  folnmn  ..f  lava  lia.l  a?<v.i.!,-.I  i,.  B-j.r 
tin:  sii[ii[iiit  uf  till'  niontitain.  A  v)<>li-nt  shock  was  th.-n  f.'li.  aii'l  a 
ritfnni  l.n.k,'  out  fr.mi  th.-  siiU-  ol"  tljo  con.;  nt  n.i  [jreat  iliMancf  fr'ni 
its  iipux.  Slwi-tly  afi.T  tliis  lia^l  (■i.-a-=.a  Xu  (low.  a  s.v,.ml  Mn-am  bur*: 
furth  at  aii'jtliLT  oiK-nini:,  c-on^iiicrublv  bfluiv  i1l,^  first ;  llnni  a  iliirJ 
still  l<,.v.,T,  iiiiil  s<.  on  till'  si-vn  diir.-r.'nt  is,iii.<  had  l«-on  thus  sm-ws- 
sivL'ly  r..rnii-il.  all  lyin-  npi-n  th<-  same  straijiht  line.  It  has  Uva 
siij.[»i.-..-ci  that  this  li(u:  iva,i  a  iHTptudii-iilar  r.'nl  iu  tlio  ini.-rrJ 
fi'arii,>woL-k  i.f  llii>  iiiiMiritaiji.  wl.irh  r^iil  was  pr-Ualilv  m.t  |iro.hKi?J 
at  ..»!■  shm-k,  bill  |.n.l,>ti-r.l  siic.v-sivrly  .liiwinvaid:'' l.v  th,-  lalerJ 
ptv-- iir.'  aii.l  iiii.-[i,-i-  li.'ai  ..f  thrj  ii.t.rrial  .-Dliimn  of  lava',  as  it  jub- 
>i.\.-.\  by  u'lailiial  ilischar-i-  tiir..ii-h  rafli  vrnt.* 

/■Jn'j.tioi,  ./ISlll.  — In  l-<l;f  ilir>-L-  lari;i'  ni.aitli.J  or  faverns  Lit-n.-.l 
v.Ty  ii.'ar  tli.B(i;  wlik-li  w,-r.'  i;,rmi'd  in  tli..'  cniiilii.iis  of  ISM,  tr.^ja 
which  llamc^  red-hot  cirnlir-s  aiiJ  saml  wore  thi-uwu  uji  with  ImJ 

•   S.r..;H;i,ti  VvliaMo*.  |i.  1.V1, 
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ixplorions.  A  few  minates  afterwarda  another  mouth  opened  below, 
Trom  which  flames  and  smoke  issued  ;  and  finally  a  fifth,  lower  still, 
whe.ice  a  torrent  of  lava  flowed,  which  spread  itself  with  great  relo- 
Ut;  over  the  deep  and  broad  valley  called  "Val  del  Bove."  This 
tt^eam  flowed  two  miles  in  the  first  twenty-four  hours,  and  nearly  as 
fur  in  the  succeeding  day  and  night  The  three  original  mouths  at 
'iCngth  uniled  into  one  large  crater,  and  sent  forth  lava,  as  did  the 
inferior  apertures,  so  that  an  enormous  torrent  poured  down  the  "Val 
del  Bove."  When  it  arrived  at  a  vast  and  almost  perpendicular  pre- 
ripice,  at  the  head  of  the  valley  of  Calanna,  it  poured  over  in  a 
cascade,  and,  being  hardened  in  its  descent,  made  an  inconceivable 
crash  as  it  was  dashed  against  the  bottom.  So  immense  was  the 
column  of  dust  raised  by  the  abrasion  of  the  tufaceous  hill  over  which 
the  hardened  mass  descended,  that  the  Catanians  were  in  great  alarm, 
supposing  a  new  eruption  to  have  burst  out  in  the  woody  region,  ex- 
ceeding in  violence  that  near  the  summit  of  Etna. 

Mode  of  advance  of  the  lava. — Of  the  cones  thrown  up  during  this 
eruption,  not  more  than  two  are  of  sufficient  magnitude  to  be  num- 
bered among  those  eighty  which  were  before  described  as  adorning 
the  flanks  of  Etna.     The  surface  of  the  lava  which  deluged  the 

•  This  drawing  is  part  of  a  pftnoramic  the  Val  del  Bore.     The  sniall  cone,  and 

ftetch  which  I  made  from  (he  summit  of  the  crater  nearest  the  foregronnd.  wcro 

Jm  cone.  December  I.  1628,  when  erery  amoog  iboso  formed  duruig  the  erup- 

Mit  of  Etna  was  free  from  clouds  except  tiooi  of  1810  and  1811. 
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"  Val  del  Bove, "  consists  of  rock^  and  angHlar  blocks,  tosse*]  U^tiwr 
in  the  utmost  disorder.  Nothing  can  bo  mora  rugged,  or  more 
the  smooth  and  even  superficies,  which  those  who  are  unactgoaiatrf 
with  volcanic  countries  may  have  pictured  to  thcmrclvea,  in  k 
of  mutter  which  had  cODsotidated  Irom  a  liqaid  slate,  Mr.  Scnft 
observed  this  current  iu  the  year  1819,  slowly  advancing  down  ■ 
considerable  slope,  at  the  rate  of  about  a  yard  au  Lour,  nine 
after  its  emission.  l"he  lower  BtratUD)  being  arrested  by  the  milt- 
ancc  of  the  ground,  the  upper  or  c^-ntrol  port  gradually  {trotruM 
itself,  and,  being  unsupported,  fell  down.  This  in  ita  turn  m 
covered  by  a  mass  of  more  Liquid  lava,  which  swelled  over  it 
above.  The  current  had  nil  the  appearance  of  a  huge  heap  of 
and  targe  cinders  rolling  over  and  over  ui>on  itself  by  the  effect  d' 
an  extremely  slow  propulsion  from  behind.  Tbe  contractian  of  lb( 
crust  as  it  solidified,  and  the  friction  of  tbe  scoriform  cakes 
one  another,  produced  a  crackling  sound.  Within  the 
dull  red  heat  might  be  seen  by  lught,  and  vapour  isauiag 
sidcrahle  quantity  was  visible  by  day.* 

It  was  stated  that  when  the  lava  of  1819  arrived  at  the 
the  Valley  of  Calanna,  after  flowing  down  tbe  Val  del  Ban,  it 
descended  in  a  cascade.  Thia  stream,  in  fact,  like  many  prEtim 
currents  of  lava  which  have  flowed  down  successively  from  tic 
higher  regions  of  Etna,  was  turned  by  a  great  promontory  projecti>? 
from  the  southern  side  of  the  Vol  del  Bove,  This  proraoniMJ 
consists  of  the  bills  called  Zocolaro  and  Calanna,  and  of  a  rid^  uf 
inferior  height  which  connects  them.    (See  fig,  53.) 


•nil  fli'lni  thronrt  tlH  nUn. 

It  happened  in  1811  and  1819  that  the  flows  of  Inwovertt^pidtt* 
ridge  intervening  between  the  bilb  of  i^ocolaro  and  OKlnnnB,  M  iW 
ibey  fell  in  a  cascade  over  a  lol^y  precipice,  and  br^an  to  fill  op  th* 
vulli-yof  Calnnna(a,iig.53.).  Other  portions  of  the  same 
{li)  flowed  roitnd  the  promontory,  and  they  exhibit  out  of  tbe 

•  Scft/jio  Du  Vt.Icaiw»,  p.  111*. 


Ch.  XXV.]  LAVAS   AND   BRECCIAS.  —  ETNA.  411 

Characteristics  of  such  streams,  namely  that  of  becoming  solid  exter« 
nally,  even  while  yet  in  motion.  Instead  of  thinning  out  gradually 
at  their  edges,  their  sides  may  often  be  compared  to  two  rocky  walls 
which  are  sometimes  inclined  at  an  angle  of  between  thirty  and  forty 
degrees.  When  such  streams  are  turned  from  their  course  by  a 
projecting  rock;  they  move  right  onwards  in  a  new  direction;  and 
in  the  valley  of  Calanna  a  considerable  space  has  thus  been  left 
between  the  steep  sides  of  the  lavas,  b  b,  bo  deflected,  and  the 
precipitous  escarpment  of  Zocolaro,  A,  which  bounds  the  plain  C. 

Jjavcu  and  breccias. — In  regard  to  the  volcanic  masses  which  are 

intersected  by  dikes  in  the  Val  del  Bove,  they  consist  in  great  part 

of  greystone  lavas,  of  an  intermediate  character  between  basalt  and 

trachyte,  and  partly  of  porphyritic  lava  resembling  trachyte,  but  to 

which  that  name  cannot,  according  to  Yon  Buch  and  6.  Rose,  be  in 

strictness  applied,  because  the  felspar  belongs  to  the  variety  called 

Lfabradorite.     There  is  great  similarity  in  the  composition  of  the 

ancient  and  modem  lavas  of  Etna,  both  consisting  of  felspar,  augite, 

olivine,  and  titaniferous  iron.     The  alternating  breccias  are  made  up 

of  scoriae,  sand,  and  angular  blocks  of  lava.    Many  of  these  fragments 

may  have  been  thrown  out  by  volcanic  explosions,  which,  falling 

on  the  hardened  surface  of  moving  lava-currents,  may  have  been 

carried  to  a  considerable  distance.    It  may  also  happen  that  when 

lava  advances  very  slowly,  in  the  manner  of  the  flow  of  1819,  the 

angular  masses  resulting  from  the  frequent  breaking  of  the  mass 

as  it  rolls  over  upon  itself,  may  produce  these  breccias.    It  is  at  least 

certain  that  the  upper  portion  of  the  lava-currents  of  1811  and  1819 

now  consist  of  angular  masses  to  the  depth  of  many  yards.     D'Au- 

buisson  has  compared  the  surface  of  one  of  the  ancient  lavas  of 

Auvergne  to  that  of  a  river  suddenly  frozen  over  by  the  stoppage  of 

immense  fragments  of  drift-ice,  a  description  perfectly  applicable  to 

these  modern  Etnean  flows.     The  thickness  of  the  separate  beds  of 

conglomerate  or  breccia  which  are  seen  in  the  same  vertical  section, 

is  often  extremely  different,  varying  from  3  to  nearly  50  feet,  as  I 

observed  in  the  hill  of  Calanna. 

Hood  produced  by  the  melting  of  snow  by  lava. — It  is  possible 
that  some  of  the  breccias  or  conglomerates  may  be  referred  to  aqueous 
causes,  as  great  floods  occasionally  sweep  down  the  flanks  of  Etna, 
when  eruptions  take  place  in  winter,  and  when  the  snows  are  melted 
by  lava.  It  is  true  that  running  water  in  general  exerts  no  power 
on  Etna,  the  rain  which  falls  being  immediately  imbibed  by  the 
porous  lavas ;  so  that,  vast  as  is  the  extent  of  the  mountain,  it  feeds 
only  a  few  small  rivulets,  and  these,  even,  are  dry  throughout  the 
greater  portion  of  the  year.  The  enormous  rounded  boulders,  there- 
fore,  of  felspar-porphyry  and  basalt,  a  line  of  which  can  be  traced 
from  the  sea,  from  near  Giardini,  by  Mascali,  and  Zafarana,  to  the 
"  Val  del  Bove,  **  would  offer  a  perplexing  problem  to  the  geologist,  if 
history  had  not  preserved  the  memorials  of  a  tremendous  flood  which 
happened  in  this  district  in  the  year  1755.  It  appears  that  two 
streams  of  lava  flowed  in  that  year,  on  the  2d  of  March,  from  the 
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highest  crater :  th«7  were  immediately  precipit&ted  upon  an  eooi 
maaa  of  snow  whicli  then  covered  the  whole  mountain,  and  wi 
tremely  deep  near  the  eummit.  The  sudden  melting  ot'  this  I 
mass,  bj  a  fierj  torrent  three  milea  in  length,  produced  a  frigfalM 
inundation,  which  devastated  the  aidea  of  the  mouiitiiin  for  eight 
in  length,  and  afterwards  covered  the  lower  flanks  of  Etna,  where ih; 
wore  less  steep,  together  with  the  pkins  near  the  sea,  with  giwt 
deposits  of  soud,  scoriiB,  and  blocks  of  lava. 

Slonjr  absurd  stories  circulated  in  Sicily  respecting  this  eroitj 
such  as  that  the  water  was  boiling,  and  that  it  was  vomit«d  from  tlw 
highest  crater ;  that  it  was  as  salt  as  the  sea,  and  full  of  n 
shcUa :  bui  these  were  mere  inventions,  to  which  Kecupcro,  tJibntgk 
be  relates  them  as  toles  of  the  otountaineers,  seems  to  have  aXt 
rather  too  much  importance. 

Floods  of  considerable  violence  have  also  been  produced  on  ttm 
by  the  fullof  heavy  rains,  aided,  probably,  by  tlienipltirigof  «uo«.  Uj 
this  cause  alone,  in  1761,  sixty  of  the  inhabitants  of  Acicnteut 
killed,  and  many  of  their  houses  swept  away." 

G/aeirr  covered  by  a  lava-ilream. — A  remarlcable  diwoTerywH 
made  on  Etna  in  182S  of  a  great  mass  of  ice,  preserved  for 
years,  perhaps  for  centuries,  from  melting,  by  tlie  singular  aecitot 
of  a  current  of  red-hot  lava  liaving  flowed  over  it.     The  foUofi"! 
ore  the  facts  in  attestation  of  a  phenomenon  which  must  at  fint 
eight  appear  of  so  paradoxical  a  character.     The  extraordinary  hoi 
experienced  in  the  South  of  Europe,  during  the  summer  and  autuna 
of  1S2S,  caused  the  supplies  of  snow  and  ice  which  hod  been  fff 
served  in  the  spring  of  that  year,  for  the  use  of  Catania  and  tli* 
adjoining  parts  of  .Sicily  and  the  island  of  Slalta,  to  fail  entinly. 
Great  distress  was  consequently  felt  for  want  of  a  commodity  n^vM 
in  those  countries  as  one  of  the  necessaries  of  life  rather  than  M 
article  of  luxury,  and  the  abundance  of  which  contributes  in  aonn  rf 
the  larger  cities  to  the  salubrity  of  the  water  and  the  general  b«hk  I 
of  tlie  community.     The  magistrates  of  Catania  applied  to  Signor^ 
M.  Gemmellaro,  in  the  hope  that  his  local  knowledge  of  Etna  lugli  ) 
enable  liim  to  point  out   some   crevice  or   natural   grotto  on  ita  I 
mountain,  where  drift  snow  was  still  preserved.      Nor  wore  lh«y  j 
disappointed ;  for  he  had  long  suspected  that  a  small  mass  of  pcremud^  I 
ice  at  (he  foot  of  the  highest  cone  was  part  of  a  large  and  cootinaoa*  J 
glacier  covered  by  a  lava-current.     Having  procured  a  large  body  rf  ] 
workmen,  he  quarried  into  this  ice,  and  proved  the  t^iiper-poHliMi 
of  the  lava  for  several  hundred  yards,  so  as  completely  to  aati^ 
himself  that  nothing  but  the  subsequent  flowing  of  the  lava  u?er  llic 
ice  could  account  for  the  position  of  the  glacier.     L'nfurtunalnlj  fitfi 
the  geologist,  the  ice  was  so  extremely  hard,  and  the  l^xen*>t)M ' 
so  expensive,  that  there  is  no  probability  of  the  operations  half* 
renewed. 

On  the  flrst  of  December,  1828, 1  visited  this  spot,  which  is  on  tk» 

■  reran.  Decern,  dclV  Etna,  p.  118. 
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ith-east  side  of  the  cone,  and  not  far  above  the  Casa  Inglese ;  but 
3  fresh  snow  had  already  nearly  filled  up  the  new  opening,  so  that 
had  onlj  the  appearance  of  the  mouth  of  a  grotto.  I  do  not, 
nrever,  question  the  accuracy  of  the  conclusion  of  Signor  Gem- 
Uaro,  who,  being  well  acquainted  with  all  the  appearances  of  drift 
>w^  in  the  fissures  and  cavities  of  Etna,  had  recognised,  even 
Tore  the  late  excavations,  the  peculiarity  of  the  position  of  the  ice 
this  locality.  We  may  suppose  that,  at  the  commencement  of  the 
iption,  a  deep  mass  of  drift  snow  had  been  covered  by  volcanic 
id  showered  down  upon  it  before  the  descent  of  the  lava.  A  dense 
atum  of  this  fine  dust  mixed  with  scoriae  is  well  known  to  be  an 
tremely  bad  conductor  of  heat ;  and  the  shepherds  in  the  higher 
^ons  of  Etna  are  accustomed  to  provide  water  for  their  fiocks 
ring  summer,  by  strewing  a  layer  of  volcanic  sand  a  few  inches 
ick  over  the  snow,  which  effectually  prevents  the  heat  of  the  sun 
>m  penetrating. 

Suppose  the  mass  of  snow  to  have  been  preserved  from  liquefac- 
m  until  the  lower  part  of  the  lava  had  consolidated,  we  may  then 
adily  conceive  that  a  glacier  thus  protected,  at  the  height  of  ten 
onsand  feet  above  the  level  of  the  sea,  would  endure  as  long  as  the 
tows  of  Mont  Blanc,  unless  melted  by  volcanic  heat  from  below, 
^hen  I  visited  the  great  crater  in  the  beginning  of  winter  (December 
it,  1828),  I  found  the  crevices  in  the  interior  encrusted  with  thi^k 
le,  and  in  some  cases  hot  vapours  were  actually  streaming  out 
etween  masses  of  ice  and  the  rugged  and  steep  walls  of  the  crater.* 

After  the  discovery  of  Signor  Gemmellaro,  it  would  not  be 
nrprising  to  find  in  the  cones  of  the  Icelandic  volcanos,  which  are 
Dvered  for  the  most  part  with  perpetual  snow,  repeated  alternations 
r  lava-streams  and  glaciers.  We  have,  indeed.  Lieutenant  Kendall's 
nthority  for  the  fact  that  Deception  Island,  in  New  South  Shetland, 
it  62®  55'  S.,  is  principally  composed  of  alternate  layers  of  volcanic 
}hes  and  iccj 

Origin  of  the  Vol  del  Bove,  —  It  is  recorded,  as  will  be  stated  in 
le  history  of  earthquakes  (ch.  29.),  that  in  the  year  1772  a  great 
ibsidence  took  place  on  Papandayang,  the  largest  volcano  in  the 
land  of  Java  ;  an  extent  of  ground  Jif teen  miles  in  length,  and  six  in 
readthj  covered  by  no  less  than  forty  villages,  was  engulphed,  and 
le  cone  lost  4000  feet  of  its  height.  In  like  manner  the  summit  of 
larguairazo,  one  of  the  loftiest  of  the  Andes  of  Quito,  fell  in  on  the  19th 
uly,  1698 ;  and  another  mountain  of  still  greater  altitude  in  the 

♦  Mr.  Nasmyth,  the  inventor  of  the  the  palm  of  the  hand  conld  be  applied 

eam-bammer,  has  lately  illustrated,  by  to  the  outside  without  inconvenience,  and 

Tery  striking  experiment,  the  non-con-  after  forty  minutes  there  was  not  heat 

Dctibility  of  a  thin  layer  of  dry  sand  enough  to  singe  writing  paper.    This 

nd  clay.    Into  a  cauldron  of  iron  one-  fact  may  help  us  to  explain  how  strata 

mrth  of  an  inch  thick,  lined  with  sand  in  contact  With  dikes,  or  beds  of  fused 

ad  clay  five-eighths  of  an  inch  thick,  matter,  have  sometimes  escaped  withotit 

e  poored  eight  tons  of  melted  iron  at  a  perceptible  alteration  by  heat, 

hite  beat.    After  the  fused  metal  had  f  Joum.    of  Roy.    Geograph.    Soc 

Ben  twenty  minutes  in  the  cauldron  vol  i  p.  64. 
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samo  chain  called  Capac  Urcu,  a  short  time  before  the  conquest  of 
America  by  the  Spaniards. 

It  will  also  be  seen  in  the  next  chapter  that,  so  late  as  the  jeir 
1822,  during  a  violent  earthquake  and  volcanic  eruption  in  Java,  cbb 
side  of  the  mountain  called  Galongoon,  which  was  covered  hy  t 
dense  forest,  became  an  enormous  gulf  in  the  form  of  a  semiciitle. 
The  new  cavity  was  about  midway  between  the  summit  and  the  plaii, 
and  surrounded  by  steep  rocks. 

Now  we  might  imagine  a  similar  event,  or  a  series  of  snbsideDea 
to  have  formerly  occurred  on  the  eastern  side  of  £tna,  altboogh  sodb 
catastrophes  have  not  been  witnessed  in  modern  times,  or  only  on  t 
very  trifling  scale.  A  narrow  ravine,  about  a  mile  long,  twenty  feci 
wide,  and  from  twenty  to  thirty-six  in  depth,  has  been  formed,  within 
the  historical  era,  on  the  flanks  of  the  volcano,  near  the  town  of 
Mascalucia  ;  and  a  small  circular  tract,  called  the  Cistema,  near  the 
summit,  sank  down  in  the  year  1792,  to  the  depth  of  about  forty  feel; 
and  left  on  all  sides  of  tlie  chasm  a  vertical  section  of  the  heA% 
exactly  resembling  those  which  are  seen  in  the  precipices  of  the  Vtl 
del  Bove.  At  some  remote  periods,  therefore,  we  might  suppoie 
more  extensive  portions  of  the  mountain  to  have  fallen  in  dnriog 
great  earthquakes. 

But  we  ought  not  to  exclude  entirely  from  our  speculations  anotb-^r 
possibly  agency,  by  which  the  great  cavity  may  in  part  at  least  li-iv-: 
Ixicn  excavated,  namely,  the  denuding  action  of  tlie  sea.  Wheth-.r 
its  waves  may  once  have  had  access  to  the  great  valley  before  th-. 
ancient  portion  of  Etna  was  upheaved  to  its  present  elevation  is* 
question  which  will  naturally  present  itself  to  every  geolo'ji?- 
^larine  shells  have  been  traced  to  a  height  of  800  feet  above  the  l^s-"/ 
of  Etna,  and  w^ould  doubtless  be  seen  to  ascend  much  higher,  ir-rt 
not  the  structure  of  the  lower  rejrion  of  the  mountain  conceale*]  V7 
floods  of  lava.  "We  cannot  ascertain  to  what  extent  a  olianiro  in  t:..- 
relative  level  of  land  and  sea  may  have  been  carried  in  this  spot.  !■  ii 
we  know  that  some  of  the  tertiary  strata  in  Sicily  of  no  ancient  di'.-- 
reaeli  a  height  of  30(X)  feet,  and  the  marine  deposits  on  the  flank*  :' 
Etna,  full  of  recent  species  of  shells,  may  ascend  to  equal  or  preat-r 
iKMijhts.  The  narrow  valley  of  Calanna  leading  out  of  the  Val  cil 
Bove,  and  that  of  San  Giacomo  lower  down,  have  much  the  appi^:'' 
anee  of  ravines  swept  out  by  aqueous  action. 

Strttcturc  and  or'ufin  of  the  vonc  of  I^tna,  —  Our  data  for  framir: 
a  correct  theory  of  the  manner  in  which  the  cone  of  Etna  has  aot;uir-i 
its  present  dimensions  and  internal  structure  are  very  imperfect.  V'* 
cause  it  is  on  its  eastern  side  only,  in  the  Val  del  Bove  aKne  J" 
scribed,  that  we  see  a  deep  section  exposed.  Even  lien^  we  obti:". 
no  insight  into  the  interior  composition  of  the  mtuintain  lvyi«n-l  » 
dej)th  of  between  three  and  four  thousand  feet  below  the  base  of  t'  ' 
hijihest  cone,  which  has  been  several  times  destroyed  ami  rem-'vi 
The  precipices  seen  at  the  head  of  the  Val  del  Bove,  in  the  tscsr.- 
ment  called  the  Serre  del  Solfizio,  exhibit  merely  the  same  scrit>  ' 
alternating  lavas  and  breccias  which,  descending  with  a  general  «■:' 
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towards  the  sea,  form  the  boundary  clifis  of  all  other  parts  of  the  Yal 
del  Bove.  If  then  we  estimate  the  height  of  Etna  at  about  11,000 
feet,  we  may  say  that  we  know  from  actual  observation  less  than  one 
half  of  its  component  materials,  assuming  it  to  extend  downwards  to 
the  level  of  the  sea ;  namely,  first,  the  highest  cone,  which  is  about 
1000  feet  above  its  base ;  and,  secondly,  the  alternations  of  lava,  tufi^ 
and  volcanic  breccia,  which  constitute  the  rocks  between  the  Cisterna^ 
near  the  base  of  the  upper  cone,  and  the  foot  of  the  precipices  at  the 
head  of  the  Yal  del  Bove.  At  the  lowest  point  to  which  the  vertical 
secfion  extends,  there  are  no  signs  of  any  approach  to  a  termination 
of  the  purely  volcanic  mass,  which  may  perhaps  penetrate  many 
thousand  feet  farther  downwards.  There  is,  indeed,  a  rock  called 
Rocca  Gianicola,  near  the  foot  of  the  great  escarpment,  which  con- 
sists of  a  large  mass  between  150  and  200  feet  wide,  not  divided  inte 
beds,  and  almost  resembling  granite  in  its  structure^  although  agree- 
ing very  closely  in  mineral  composition  with  the  lavas  of  Etna  in 
general.*  This  mass  may  doubtless  be  taken  as  a  representative  of 
those  crystalline  or  plutonic  formations  which  would  be  met  with  in 
abundance  if  we  could  descend  to  greater  depths  in  the  direction  of 
the  central  axis  of  the  mountain.  For  a  great  body  of  geological 
evidence  leads  us  to  conclude,  that  rocks  of  this  class  result  from  the 
consolidation,  under  great  pressure,  of  melted  matter,  which  has  risen 
up  and  fiUed  rents  and  chasms,  such,  for  example,  as  may  communi- 
cate with  the  principal  and  minor  vents  of  eruption  in  a  volcano 
like  Etna. 

But,  if  we  speculate  on  the  nature  of  the  formations  which  the 
lava  may  have  pierced  in  its  way  upwards,  we  may  fairly  presume 
that  a  portion  of  these  consist  of  marine  tertiary  rocks,  like  those  of 
the  neighbouring  Val  di  Noto,  or  those  which  skirt  the  borders  of 
the  Etnean  cone,  on  its  southern  and  eastern  sides.  Etna  may,  in 
fact,  have  been  at  first  an  insular  volcano,  raising  its  s&mmit  but 
slightly  above  the  level  of  the  sea ;  but  we  have  no  grounds  for  con- 
cluding that  any  of  the  beds  exposed  in  the  deep  section  of  the  Yal 
del  Bove  have  formed  a  part  of  such  a  marine  accumulation.  On 
the  contrary,  all  the  usual  signs  of  subaqueous  origin  are  wanting ; 
and  even  if  we  believe  the  foundations  of  the  mountain  to  have  been 
laid  in  the  sea,  we  could  not  expect  this  portion  to  be  made  visible 
in  sections  which  only  proceed  downwards  from  the  summit  through 
one  half  the  thickness  of  the  mountain,  especially  as  the  highest  points 
attained  by  the  tertiary  strata  in  other  parts  of  Sicily  very  rarely 
exceed  3000  feet  above  the  sea. 

On  the  eastern  and  southern  base  of  Etna,  a  marine  deposit, 
already  alluded  to,  is  traced  up  to  the  height  of  800  or  1000  feet, 
before  it  becomes  concealed  beneath  that  covering  of  modern  lavas 
which  is  continually  extending  its  limits  during  successive  eruptions, 
and  prevents  us  from  ascertaining  how  much  higher  the  marine 
strata  may  ascend.    As  the  imbedded  shells  belong  almost  entirely 

*  HofiinanD,Geognost.BeobachtaDgeD,p.  701.    Berlin,  1839. 
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to  species  now  iuhabiting  the  Mediterranean,  it  is  evident  tl 
hus  been  here  an  upheaval  of  the  region  at  the  base  ot  I 
very  modern  period.  It  is  fair,  therefore,  to  infer  tha' 
nucleus  of  the  mountain,  partly  perhaps  of  submarine,  and'p 
Eubuerial  origin,  participated  in  this  movement,  and  i 
bodily.  Nov,  in  proportion  as  a  cone  gains  lieight  by  suck  » 
ment,  combined  with  the  cumulative  effects  of  eruplioDA,  t~ 
out  matter  euccessively  from  one  or  more  central  vents,  l" 
static  pressure  of  the  columns  of  lava  augments  with  their  ii 
height,  until  the  time  arrives  when  the  flanks  of  the  c 
longer  resist  the  increased  pressure ;  and  from  that  period  t 
way  more  readily,  lateral  outbursts  becoming  more  froquenL 
independently  of  any  local  expansion  of  the  fractured  Tolcuuefl 
those  general  causes  by  which  the  modern  tertiary  slrftta  of  af 
part  of  Sicily  have  been  raised  to  the  height  of  several  thoiiSu4fl 
above  their  original  level,  would  tend  naturally  to  render  the  difctai 
of  lava  and  scorira  from  the  summit  of  Klna  less  copious,  and  4 
lateral  discharge  greater. 

If,  then,  a  conical  or  dome-shaped  mass  of  volcanic  malerialp  4 
OCCumDlated  to  the  height  of  4000,  or  perhaps  7000  fmt,  fa 
upward  movement  began,  or,  what  is  much  more  probable,  duringll 
continuance  of  the  upward  movement,  that  ancient  mass  would  mitl« 
buried  under  the  products  of  newer  eruptions,  because  theee  bat 
would  then  be  poured  out  chiefly  at  a  lower  level. 

Since  I  visited  Etna  in  1S28,  M.  de  Beaumont  has  published  a  tout     I 
valuable  memoir  on  the  structure  and  origin  of  that  mountain,  wtnck     I 
be  examined  in  1834*;  and  an  excellent  description  of  it  basilio 
appeared  in  the  posthumous  worl;  of  Hoffmann, -j-  ' 

In  M.  de  Beaumont's  essay,  in  which  he  has  explained  his  view 
with  uncommon  perspicuity  and  talent,  he  maintains  that  all  ih» 
alternating  stony  and  fragmentary  beds,  more  than  3000  feet  tiuA, 
which  are  exposed  in  the  Val  del  Bove,  were  formed  originally  on  » 
surface  so  nearly  flat  that  the  slope  never  exceeded  three  degree 
From  this  horiaantal  position  tliey  were  at  length  heaved  up  suddenlf 
(d'un  seul  coup)  into  a  great  mountain,  to  which  no  important 
additions  have  since  been  made.  Prior  to  this  upthrow,  a  pUtfona 
is  supposed  to  have  existed  above  the  level  of  the  sea,  in  which 
various  fissures  opened ;  and  from  tlicse  melted  matter  wat  pound 
forth  again  and  again,  wbich  spread  itself  around  in  Ihiu  slimt  d 
uniform  thickness.  From  the  same  rents  issued  showers  cf  temia 
and  fragmentary  matter,  which  were  spread  out  so  as  to  rorm  nqodf 
uniform  and  horizontal  beds,  intervening  between  the  sheets  of  kn. 
But  although,  by  the  continued  repetition  of  these  operations,  a  tmI 
pile  of  volcanic  matter,  4000  feet  or  more  in  thicliuNe,  was  bniU  ap 
precisely  in  (hat  region  where  Etna  now  rises,  and  to  which  nothiaf 
similar  was  produced  elsewhere  in  Sicily,  still  we  arc  told  that  Km 
was  not  yet  a  mountain.     No  hypothetical  diagram  has  boea  gina  w 
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tielp  U8  to  conceive  how  this  great  mass  of  materials  of  supramarine 
Migin  could  have  been  disposed  of  in  horizontal  beds,  so  as  not  to 
constitute  an  eminence  towering  far  above  the  rest  of  Sicily ;  but  it 
18  assumed  that  a  powerful  force  from  below  at  length  burst  suddenly 
through  the  horizontal  formation,  uplifted  it  to  a  considerable  height, 
uid  caused  the  beds  to  be,  in  many  places,  highly  inclined.  This 
eleratory  force  was  not  all  expended  on  a  single  central  point  as 
Von  Buch  has  imagined  in  the  case  of  Palma,  Teneriffe,  or  Somma, 
but  rather  followed  for  a  short  distance  a  linear  direction.* 

Among  other  objections  that  may  be  advanced  against  the  theory 
above  proposed,  I  may  mention,  first,  that  the  increasing  number  of 
dikes  as  we  approach  the  head  of  the  Yal  del  Bove,  or  the  middle 
of  Etna,  and  the  great  thickness  of  lava,  scorias,  and  conglomerates 
ia  that  region,  imply  that  the  great  centre  of  eruption  was  always 
where  it  now  is,  or  nearly  at  the  same  point,  and  there  must,  there- 
fore, have  been  a  tendency,  from  the  beginning,  to  a  conical  or 
dome-shaped  arrangement  in  the  ejected  materials.  Secondly,  were 
we  to  admit  a  great  number  of  separate  points  of  eruption,  scattered 
over  a  plain  or  platform,  there  must  then  have  been  a  great  number 
of  cones  thrown  up  over  these  different  vents ;  and  these  hills,  some  of 
which  would  probably  be  as  lofty  as  those  now  seen  on  the  flanks 
of  Etna,  or  from  300  to  750  feet  in  height,  would  break  the  continuity 
of  the  sheets  of  lava,  while  they  would  become  gradually  enveloped  by 
them.  The  ejected  materials,  moreover,  would  slope  at  a  high  angle 
on  the  sides  of  these  cones,  and  where  they  fell  on  the  surrounding 
plain,  would  form  strata  thicker  near  the  base  of  each  cone  than  at  a 
distance. 

What  then  are  the  facts,  it  will  be  asked,  to  account  for  which  this 
hypothesis  of  original  horizontality,  followed  by  a  single  and  sudden 
effort  of  upheaval,  which  gave  to  the  beds  their  present  slope,  has  been 
invented  ?    M.  de  Beaumont  observes,  that  in  the  boundary  precipices 
of  the  Yal  del  Bove,  sheets  of  lava  and  intercalated  beds  of  cinders, 
mixed  with  pulverulent  and  fragmentary  matter  evidently  cast  out 
during  eruptions,  are  sometimes  inclined  at  steep  angles,  varying  from 
15^  to  27^.     It  is  impossible,  he  says,  that  the  lavas  could  have  flowed 
originally  on  planes  so  steeply  inclined,  for  streams  which  descend 
a  slope  even  of  10°  form  narrow  stripes,  and  never  acquire  such  a 
compact  texture.     Their  thickness,  moreover,  always  inconsiderable, 
varies  with  every  variation  of  steepness,  in  the  declivity  down  which 
they  flow  ;  whereas,  in  several  parts  of  the  Val  del  Bove,  the  sheets 
of  lava  are  continuous  for  great  distances,  in  spite  of  their  steep  in- 
clination, and  are  often  compact,  and  perfectly  parallel  one  to  the 
other,  even  where  there  are  more  than  100  beds  of  interpolated  frag- 
mentary matter. 

The  intersecting  dikes  also  terminate  upwards  in  many  instances, 
at  diflerent  elevations,  and  blend  (or,  as  M.  de  Beaumont  terms  it, 
articulate)  with  sheets  of  lava,  which  they  meet  at  right  angles.    It  is 

*  ]>e  Beaomont,  M^  pour  servir,  &c.  torn.  iv.  pp.  187, 188. 
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tbercfore  UEumed  that  euch  dikes  vere  the  feeilen 
lava  witii  which  thoy  unite,  and  the^  are  suppoHed 
platform,  on  the  surface  of  which  the  melted  matti 
was  at  lirst  so  flat,  that  the  fluid  moss  spread  frei 
every  direction,  and  not  towards  one  point  only  d 
would  happen  if  it  had  descended  the  sloping  side 
argument  is  ingenioualy  and  plainly  put  in  the  ft 
"  Had  the  melted  matter  poured  down  an  inclin< 
suing  from  a  rent,  the  sheet  of  lava  would,  after  c 
formed  an  elbow  with  tlio  dike,  like  the  upper  ba 
instead  of  extending  itself  on  both  sides  like  tha 
also  contended  that  a  series  of  sheets  of  Inra,  form 
dome-shaped  mountain,  would  have  been  more  n 
farthest  from  the  central  axis,  since  every  dike  w 
source  of  a  lava-stream,  must  have  poured  its  coi 
and  never  upwards. 

In  reference  to  the  facts  here  stated,  I  may  moni 
which  I  saw  in  the  Vol  del  Bove  were  either  Tertiei 
all  of  them  a  near  approach  to  the  perpendiculai 
bavo  been  the  cose  bad  they  been  the  feeders  of  horij 
and  bad  they  consequently  joined  them  originally  t 
then  the  dikes,  as  at  a,b,c,i\Q,  54.,  ought  aubsequcntl 
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a  considerable  slope,  like  the  beds  which  ihpy  inter 
urge  another  objection  to  the  views  above  set  forth, 
tlie  dikes  been  linear  vents,  or  orifices  of  eruption, 
the  inter-stratilied  scoriie  and  Inpilii,  as  well  lu  I 
oome  out  of  thera,  and  in  that  ease  the  irregular  he 
mentary  matter  around  the  venis  would,  as  before 
turbed  that  uniform  thickness  and  parallelism  of  tt 
de  Beaumont  describes. 

If,  however,  some  of  the  sheets  of  lava  join  tbf 
manner,  as  to  imply  that  they  were  in  a  melted  sti 
with  the  contents  of  the  fissu^e^ — s  point  not  easily  i 
the  precipices  are  for  the  moat  part  inacccsaible,  — tl 
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.  of  a  different  interpretation  from  that  proposed  by  the  French  geolo- 
gist. Rents  like  those  before  alluded  to  (p.  399.),  which  opened  in 
the  plain  of  S.  Lie  in  1669,  filled  below  with  incandescent  lava,  may 
liave  lain  in .  the  way  of  currents  of  melted  matter  descending  from 
liigber  openings.  In  that  case,  the  matter  of  the  current  would  have 
flowed  into  the  fissure  and  mixed  with  the  lava  at  its  bottom.  Nu- 
merous open  rents  of  this  kind  are  described  by  Mr.  Dana  as  having 
"been  caused,  during  a  late  eruption,  in  one  of  the  volcanic  domes  of 
the  Sandwich  Islands.  They  remained  open  at  various  heights  on 
the  slopes  of  the  great  cone,  running  in  different  directions,  and  de- 
monstrate the  possibility  of  future  junctions,  of  slightly  inclined  lava- 
streams  with  perpendicular  walls  of  lava. 

To  me,  therefore,  it  appears  far  more  easy  to  explain  the  uniform 
thickness  and  parallelism  of  so  many  lavas  and  beds  of  fragmentary 
matter  seen  in  the  Val  del  Bove,  by  supposing  them  to  have  issued 
saccessively  out  of  one  or  more  higher  vents  near  the  summit  of  a 
^eat  dome,  than  to  imagine  them  to  have  proceeded  from  lateral 
dikes  or  rents  opening  in  a  level  plain.  In  the  Sandwich  Islands,  we 
have  examples  of  volcanic  domes  15,000  feet  high,  produced  by  suc- 
cessive outpourings  from  vents  at  or  near  the  summit.  One  of  these, 
Mount ^  Loa,  has  a  slope  in  all  directions,  of  6°  30^;  another.  Mount 
Sea,  a  mean  inclination  of  7°  46^  That  their  lavas  may  occasionally 
consolidate  on  slopes  of  25°,  and  even  more,  and  still  preserve 
■Considerable  solidity  of  texture,  has  been  already  stated ;  see  above, 
p.  383. 

We  know  not  how  large  a  quantity  of  modern  lava  may  have  been 
poured  into  the  bottom  of  the  Val  del  Bove,  yet  we  perceive  that 
eruptions  breaking  forth  near  the  centre  of  Etna  have  already  made 
8omc  progress  in  filling  up  this  great  hollow.  Even  within  the 
memory  of  persons  now  living,  the  rocks  of  Musara  and  Capra  have, 
as  before  stated,  lost  much  of  their  height  and  picturesque  grandeur 
by  the  piling  up  of  recent  lavas  round  their  base  (see  fig.  51.  p.  408.), 
and  the  great  chasm  has  intercepted  many  streams  which  would 
otherwise  have  deluged  the  fertile  region  below,  as  has  happened  on 
the  side  of  Catania.  The  volcanic  forces  are  now  labouring,  there- 
fore, to  repair  the  breach  which  subsidence  has  caused  on  one  side  of 
the  great  cone ;  and  unless  their  energy  should  decline,  or  a  new 
sinking  take  place,  they  may  in  time  efface  this  inequality.  In  that 
event,  the  restored  portion  will  always  be  unconformable  to  the  more 
ancient  part,  yet  it  will  consist,  like  it,  of  alternating  beds  of  lava, 
■ooriaB,  and  conglomerates,  which,  with  all  their  irregularities,  will 
have  a  general  slope  from  the  centre  and  summit  of  Etna  towards 
the  sea. 

I  shall  conclude,  then,  by  remarking  that  I  conceive  the  general 
inclination  of  the  alternating  stony  and  fragmentary  beds  of  the  Val 
del  Bove,  from  the  axis  of  Etna  towards  its  circumference  or  base, 
and  the  greater  thickness  of  the  volcanic  pile  as  we  approach  the 
central  parts  of  the  mountain,  to  be  due  to  the  preponderance  of 
eruptions  from  that  centre.    These  gave  rise,  from  the  first,  to  a 
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dome-sliaped  mass,  which  has  ever  since  been  iocreasmg  in ! 
Had  area,  betog  fractured  Eigaiii  and  again  hy  the  expansive  fc 
vapours,  and  the  severed  parte  made  to  coliere  together  more 
nricr  tlie  aoUdilicatiaa  of  the  hiva  with  which  every  open  &asm 
chaBm  has  been  filled.  At  the  same  time  the  cone  may  have 
a  portion  of  its  height  by  the  eleiatory  eifect  of  sucli 
movements,  and  the  sheets  of  lava  may  have  acquired  la  soma 
a  greater,  in  otbers  a  less,  inclination  than  that  which  at  &nt 
to  them. 

But  had  tiie  mountiuD  been  due  solely,  or  even  principallyt  la 
heavul,  its  structure  would  have  resembled  that  which  geologiitik 
so  often  recogtiizvd  in  certain  dome-shaped  hills,  or  elevated 
which  all  consider  as  having  been  thrust  up  by  a  fiirce  from 
In  tbis  ca8«  there  is  often  an  elliptical  cavity  at  the  surnjni^ 
partly  to  the  fi-acture  of  the  upraised  rociiB,  hut  stiil  m< 
denudatiou,  aa  they  rose  out  of  the  sea.  The  central  caviiyi 
valley,  exposes  to  view  the  subjacent  formation  c,  fig.  &5-,  fi 


incumbent  mass  dips  away  on  nil  sides  from  the  axis,  but  h 
tendency  to  thin  out  near  the  base  of  the  dome,  or  at  x,  x ;  i»h'«* 
at  tliis  point  the  volcanic  mass  tcrminntes  (see  fig.  56.)  anil 
the  fundamental  rock  c  to  appear  at  the  surface.     In  the  last  di»ei» 
the  more  ordinary  cose  is  represented  of  a  great  holloir  or  enSnt 


the  summit  of  the  volcanic  cone ;  but  instead  of  this,  tre  haft  MM 
that  in  tbe  case  of  Etna  there  ia  a  deep  lateral  depression,  eaUoI 
VbI  del  Bove,  tbe  upper  part  of  which  approaches  near  to  tks  cw 
axis,  and  the  origin  of  which  we  have  attribultd  to  suhstdeaec 

Antiquity  of  the  cone  of  Ktna.  —  It   was  before    remarked  I** 
conGncd  notions  in  regard  to  tbe  quantity  of  past  timn  barn  b 
more  than  any  otbcr  prepossessions,  to  n.-lai'd  the  progress  of 
ibeoretical  views  in  geology  •  ;  tbe  inadetiuacy  of  our  conccptno*  tt 
the  earth's  antitjuity  having  cramped  the  Ji-eedom  of  u 
in  this  science,  very  much  in   tbe   same  way  a*  a  belief  ii.     ^_ 
existence  of  a  vaulted  lirmament   ooee  ^etard(^d   tho   progra*  ^ 
ajjtrouomy.     It  was  not  until  Descartes  assuiued  tlic  udeliatie  ci 
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f  the  celestial  spaces,  and  removed  the  supposed  boundaries  of  the 
Diverse,  that  just  opinions  began  [to  be  entertained  of  the  relative 
istances  of  the  heavenly  bodies  ;  and  until  we  habituate  ourselves 
>  contemplate  the  possibility  of  an  indefinite  lapse  of  ages  having 
een  comprised  within  each  of  the  modern  periods  of  the  earth's 
[story,  we  shall  be  in  danger  of  forming  most  erroneous  and  partial 
iews  in  geology. 

If  history  had  bequeathed  to  us  a  faithful  record  of  the  eruptions 
f  £tna,  and  a  hundred  other  of  the  principal  active  volcanos  of  the 
lobe,  during  the  last  three  thousand  years,  —  if  we  had  an  exact 
ccount  of  the  volume  of  lava  and  matter  ejected  during  that  period, 
nd  the  times  of  their  production,  —  we  might,  perhaps,  be  able  to 
Drm  a  correct  estimate  of  the  average  rate  of  the  growth  of  a  vol- 
anic  cone.  For  we  might  obtain  a  mean  result  from  the  comparison 
f  the  eruptions  of  so  great  a  number  of  vents,  however  irregular 
light  be  the  development  of  the  igneous  action  in  any  one  of  them,  if 
ontemplated  singly  during  a  brief  period. 

It  would  be  necessary  to  balance  protracted  periods  of  inaction 
gainst  the  occasional  outburst  of  paroxysmal  explosions.  Sometimes 
re  should  have  evidence  of  a  repose  of  seventeen  centuries,  like  that 
rbich  was  interposed  in  Ischia,  between  the  end  of  the  fourth 
entury  b.c.,  and  the  beginning  of  the  fourteenth  century  of  our 
ttL*  Occasionally  a  tremendous  eruption,  like  that  of  JoruUo,  would 
•e  recorded,  giving  rise,  at  once,  to  a  considerable  mountain. 

If  we  desire  to  approximate  to  the  age  of  a  cone  such  as  Etna,  we 
tight  first  to  obtain  some  data  in  regard  to  the  thickness  of  matter 
rhich  has  been  added  during  the  historical  era,  and  then  endeavour 
^  estimate  the  time  required  for  the  accumulation  of  such  alternating 
avas  and  beds  of  sand  and  scoriae  as  are  superimposed  upon  each 
ther  in  the  Val  del  Bove ;  afterwards  we  should  try  to  deduce,  from 
observations  on  other  volcanos,  the  more  or  less  rapid  increase  of 
mming  mountains  in  all  the  different  stages  of  their  growth. 

There  is  a  considerable  analogy  between  the  mode  of  increase  of  a 
rolcanic  cone  and  that  of  trees  of  exogenous  growth.  These  trees 
lugment,  both  in  height  and  diameter,  by  the  successive  application 
izternally  of  cone  upon  cone  of  new  ligneous  matter ;  so  that  if  we 
nake  a  transverse  section  near  the  base  of  the  trunk,  we  intersect  a 
duch  greater  number  of  layers  than  nearer  to  the  summit.  When 
omnches  occasionally  shoot  out  from  the  trunk,  they  first  pierce  the 
ariE,  and  then,  after  growing  to  a  certain  size,  if  they  chance  to  be 
iroken  off,  they  may  become  inclosed  in  the  body  of  the  tree,  as  it 
ogments  in  size,  forming  knots  in  the  wood,  which  are  themselves 
mnposed  of  layers  of  ligneous  matter,  cone  within  cone. 

In  like  manner,  a  volcanic  mountain,  as  we  have  seen,  consists  of  a 
accession  of  conical  masses  enveloping  others,  while  lateral  cones, 
aving  a  similar  internal  structure,  often  project,  in  the  first  instance, 
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like  branches  from  the  surface  of  the  main  cone,  and  then  beoaiM| 
buried  again,  are  hidden  like  the  knots  of  a  tree. 

We  can  ascertain  the  age  of  an  oak  or  pine  hj  counting  the  namte 
of  concentric  rings  of  annual  growth  seen  in  a  transverse  section  ntf 
the  base,  so  that  we  may  know  tlic  date  at  which  the  seedling  be{p 
to  vegetate.  The  Baobiib-trce  of  Senegal  {Adansonia  digitata)  is  nf* 
posed  to  exceed  almost  unj  other  in  longevity.  Adanson  infeiredtbl 
one  which  he  measured,  and  found  to  be  thirty  feet  in  diameter,  M 
attained  the  age  of  o  150  years.  Having  made  an  incision  to  a  certia 
deptli,  lie  first  counted  three  hundred  rings  of  annual  growth,  ani 
observed  what  thickness  the  tree  had  gained  in  that  period.  He 
average  rate  of  growth  of  younger  trees,  of  the  same  species,  m 
then  ascertained,  and  the  calculation  made  according  to  a  suppor^l 
mean  rate  of  increase.  De  Candolle  considers  it  not  improbable  tktf 
the  celebrated  Taxodium  of  Cliapultepec,  in  Mexico  (Cn/wwi* 
distic/ta  Linn.),  which  is  117  feet  in  circumference,  may  be  stil 
more  aged.f 

It  is,  however,  impossible,  until  more  data  arc  collected  respecdif 
the  average  intensity  of  the  volcanic  action,  to  make  any  thing  lik« 
an  n])proxiniution  to  the  nge  of  a  cone  like  Etna ;  because,  in  tliis  WJ*! 
tliy  succet&ive  cnvelMjJos  of  hivu  anil  .>coria»  are  not  cuntinuuiK  -i- 
tlie  lay<'r.s  of  wood  in  a  tree,  and  alFord  us  no  delinitii  nieasinx'  u!  :.-• 
Kac^h  conical  envelope  is  made  up  of  a  •jrcat  number  of  disiiri.i  1-'-" 

■ 

currents  and  showers  of  sand  and  scoria^,  ditll-ring  in  quantity, -»i 
whieli  may  have  been  accumulated  in  une<[ual  peri^-ds  of  tiinv.  ^'• 
we  cannot  fail  to  form  the  most  exalted  eoncc['iii»n  of  lli'.'  ^■■" 
quity  of  tliis  mountain,  wlun  we  consider  that  its  base  is  ab«iu:  iiii.-; 
miles  in  circumference;  so  tliat  it  would  require  ninety  iluw^v:*i-'•  * 
eacli  a  mile  in  l»rcadth  at  tlicir  termination,  to  rai^e  tiic  prcStii' '■• 
of  tli<'  volcano  as  much  as  tlic  average  height  of  one  lava-ciirrt-. -. 

There  are  no  n^cords  witliin  the  historical  era  which  i-ai^i«-- 
ojiininn  that  the  altitude  of  Ktna  has  materially  varird  wiihin  il-  -'■ 
two  thousan<l   yrars.     Of  the  eiiihty  most  Conspicuous  miuii'  ■.  -  • 
wliicii  adorn  its  lianks.  only  one  of  the  larire.^t,  IMuiiti  lui>-i.  iu!^":.--^ 
produced  within  the  tiims  of  autlientic  liist(»ry.    Kviai  this  hi:!.  iL*'^- 
up  in  tlic  VL-ar  l()()i),  allhnUL'h   loO  ft-et  in  licivrlit,  dulv  rank^  a-a-    ■- 
of  si'i'oiiil  maLMiitude.    -Monte  Minardi*,  near  Uruute,  ri^o^.  cvu  ii    • 
to  t!ic  hci^'lit  tif  v. 30  f(  »'t,  aliIioii;rh  its  ba.M!  ha-;  been  eh-vai».'-i  1-.  :.■  - 
m(»'i('rn  lavas  and  eje<'ti(?ns.     'ihe  dinunsions  ui*  iluse  Ljvir  *'  ••  ■ 
appear  ti»   hear  tt<ti;iii.ny  to  paro.vi/sms   of  vulcanic  acti\itv,  -:i-.* 
which  wc  may  cuiichidr.  liDm  anal{.;:y,  that  the  tirts  I'f  I'.inu  i-.::-:-- 
dnrmaiii   for  Uianv  vrar>  —  sinci*  nearly  a  ecntuiv  i-f  re.-t  LiU.-  s^/-  ' 
tiuiis  I'll!,. wed  a  violent  eruption  in  the  historical  i-ru.     ll  niu>l  i-"^ 
he  renH'inl)ere«l,  ihat  of  the  small  numi'cr  of  erupti»*ns  w  i/ic:.  vM- 
in  a  century,  one  only  is  t-stimat(?d  to  i>>ue  from  the  .-aL.^i^t  -  (l-*^^ 
for  e\cry  two  that  proceed  from  tlie  >ides.     >;ur  do  all  tl.i-  1-'.'-'** 
eruptioTi.N  ;iivo  rise  to  >ueh  cones  as  wi.iild  be  rccki>i!.-d  amo:;-*l  •• 

*  Oil  the  L..iiL'CMiry  if  Trees.  jJiMiut.  I'liiv..  Mav.  l^31. 
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smallest  of  the  eighty  hills  above  enumerated ;  some  of  them  produce 
inerely  insignificant  monticules,  which  are  soon  afterwards  buried  by 
showers  of  ashes. 

•,  How  many  years  then  must  we  not  suppose  to  have  been  expended 
in  the  formation  of  the  eighty  cones  ?  It  is  difficult  to  imagine  that 
^  fourth  part  of  them  have  originated  during  the  last  thirty  centuries. 
But  if  we  conjecture  the  whole  of  them  to  have  been  formed  in  twelve 
thousand  years,  how  inconsiderable  an  era  would  this  portion  of  time 
constitute  in  the  history  of  the  volcano !  If  we  could  strip  off  from  Etno^ 
all  the  lateral  monticules  now  visible,  together  with  the  lavas  and 
scoriae  that  have  been  poured  out  from  them,  and  from  the  highest 
crater,  during  the  period  of  their  growth,  the  diminution  of  the  entire 
mass  would  be  extremely  slight :  Etna  might  lose,  perhaps,  several 
miles  in  diameter  at  its  base,  and  some  hundreds  of  feet  in  elevation ; 
but  it  would  still  be  the  loftiest  of  Sicilian  mountains,  studded  with 
other  cones,  which  would  be  recalled,  as  it  were,  into  existence  bj 
the  removal  of  the  rocks  under  which  they  are  now  buried. 

There  seems  nothing  in  the  deep  sections  of  the  Val  del  Bove  to 
indicate  that  the  lava-currents  of  remote  periods  were  greater  in 
volume  than  those  of  modern  times ;  and  there  are  abundant  proofs 
that  the  countless  beds  of  solid  rock  and  scorias  were  accumulated 
as  now,  in  succession.  On  the  grounds,  therefore,  already  explained, 
we  must  infer  that  a  mass  so  many  thousand  feet  in  thickness  must 
have  required  an  immense  series  of  ages  anterior  to  our  historical 
periods  for  its  growth ;  yet  the  whole  must  be  regarded  as  the  product 
of  a  modem  portion  of  the  tertiary  epoch.  Such,  at  least,  is  the 
conclusion  that  seems  to  follow  from  geological  data,  which  show 
that  the  oldest  ports  of  the  mountain,  if  not  of  posterior  date  to  the 
marine  strata  around  its  base,  were  at  least  of  coeval  origin. 

Some  geologists  contend,  that  the  sudden  elevation  of  large  conti- 
nents from  beneath  the  waters  of  the  sea  have  again  and  again  pro- 
duced waves  which  have  swept  over  vast  regions  of  the  earth.*  But 
it  i»  clear  that  no  devastating  wave  has  passed  over  the  forest  zone 
of  Etna  since  any  of  the  lateral  cones  before  mentioned  were  thrown 
up;  for  none  of  these  heaps  of  loose  sand  and  scoria)  could  have 
resisted  for  a  moment  the  denuding  action  of  a  violent  flood.  To 
some,  perhaps,  it  may  appear  that  hills  of  such  incoherent  materials 
cannot  be  of  very  great  antiquity,  because  the  mere  action  of  the 
atmosphere  must,  in  the  course  of  several  thousand  years,  have  ob- 
literated their  original  forms.  But  there  is  no  weight  in  this  objec- 
tion ;  for  the  older  hills  are  covered  with  trees  and  herbage,  which 
protect  them  from  waste;  and  in  regard  to  the  newer  ones,  such  lis 
the  porosity  of  their  component  materials,  that  the  rain  which  falls 
upon  them  is  instantly  absorbed;  and  for  the  same  reason  that  the 
rivers  on  Etna  have  a  subterranean  course,  there  are  none  descending 
the  sides  of  the  minor  cones. 

No  sensible  alteration  has  been  observed  in  the  form  of  theso 

*  Sedgwick,  Aimiv..Addres8  to  Gtel  Soc  p.  85.    Feb.  1831. 
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Tcfcarie  amptton  in  lodmd  b  17SS — Vew  Mand  thram  tip— I^rantntnttrf 
fikapdr  Joknl,  b  hhw  jear — TUr  ivmenM  Tidane — Bnipilnn  of  JenDv  a 
VcxiM— HmnlwUir*  thioiy  of  the  cxmitcxIIt  of  tha  plain  uf  Unlpkii— Enr- 
tkai  at  QabngaoD  in  Java — Bobniaiine  TokHK* — Grahaai  idanil,  kmti  a 
lasi;— Toleanlo  aiddpclagoa— Sobmarine  EnqMiow  in  nii.l-Ailanik—'nt 
CanviM — TeaerUfe — Conca  thrown  op  in  iMoomte,  1T30~.1G — Suitcria  w4 
iu  conligQODs  iilei — Barren  iilaad  in  (he  Baj  of  Bengal  —  Mti't  M.>U.'ui<n  — 
Mineral  compoaitioii  of  Tolcanic  prodacts.  ' 

Volcanic  eruptiont  in  Iceland. — With  the  exception  of  Etna  vA 
Tesuvios,  the  most  complete  chronological  records  of  i  wriM  fi 
eruptions  sre  those  of  Iceland,  for  their  history  reaches  as  far  batk 
as  the  ninth  century  of  our  era  ;  and,  from  the  beginnin);  of  tbt 
twelfth  century,  there  ia  clear  evidence  that,  during  the  whole  period 
there  has  never  been  an  interval  of  more  than  forty,  and  very  rarelf 
one  of  twenty  years,  without  eitlier  an  eruption  or  n  great  earthquake. 
So  intense  is  the  energy  of  the  volcanic  action  in  this  region,  ibd 
some  eruptions  of  Hecla  have  laBled  six  years  without  ceating- 
Earthquakes  hsve  often  Ehaken  the  whole  island  at  once,  caatJat 
great  changes  in  the  interior,  such  as  the  sinking  down  of  hills,  *• 
rending  of  mountains,  tlie  desertion  by  rivers  of  their  channels,  vA 
the  appearance  of  new  lakes.*  New  islands  hare  often  been  throwi 
np  near  the  coast,  some  of  which  still  exist ;  while  others  hiTC 
disappeared,  either  by  subsidences  or  the  action  of  the  waves^ 

In  the  interrnl  between  eruptions,  innumerable  hot  springs  aAfl 
vent  to  Bubterrsnean  heat,  and  solfalaras  discharge  copioas  stnUH 
of  inflammable  matter.  The  volcanos  in  ditferent  parts  of  ihia  islaal 
are  observed,  like  those  of  the  Phlegresn  P'ields,  to  be  in  activity  bj 
tarns,  one  vent  often  serving  Tor  a  time  as  a  safety-TalTc  to  the  raL 
Uany  cones  are  often  thrown  np  in  one  eruption,  and  in  thu  can 

1     r  take  a  linear  direction,  running  generally  from  north-east  M 
ii-v  from  the  north-eastern  part  of  the  island,   wboe  tkl 

r  iLrabla  lies,  to  the  promontory  Rcjykiaiiaa. 

■  Ton  Bofl^  ToL  ii.  p.  ns. 
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New  island  thrown  up  in  1783. —  The  convulsions  of  the  year 
783  appear  to  have  been  more  tremendous  than  anj  recorded  in  the 
nodem  annals  of  Iceland ;  and  the  original  Danish  narrative  of  the 
atastrophe,  drawn  up  in  great  detail,  has  since  been  substantiated 
>j  several  English  travellers,  particularly  in  regard  to  the  prodigious 
ztent  of  country  laid  waste,  and  the  volume  of  lava  produced.  * 
Lbout  a  month  previous  to  the  eruption  on  the  mainland,  a  submarine 
olcano  burst  forth  in  the  sea  in  lat  63°  25'  N.,  long.  23°  44'  W.,  at 

distance  of  thirty  miles  in  a  south-west  direction  from  Cape 
teykianas,  and  ejected  so  much  pumice,  that  the  ocean  was  covered 
rith  that  substance  to  the  distance  of  150  miles,  and  ships  were 
onsiderably  impeded  in  their  course.  A  new  island  was  thrown  up, 
onsisting  of  high  cliffs,  within  which  fire,  smoke,  and  pumice  were 
mi t ted  from  two  or  three  different  points.  This  island  was  claimed 
»y  his  Danish  Majesty,  who  denominated  it*Nyoe,  or  the  New  Island; 
>ut  before  a  year  had  elapsed,  the  sea  resumed  its  ancient  domain, 
nd  nothing  was  left  but  a  reef  of  rocks  from  five  to  thirty  fathoms 
inder  water. 

Great  eruption  of  Skaptdr  JokuL — Earthquakes  which  had  long 
feen  felt  in  Iceland,  became  violent  on  the  11th  of  June,  1783,  when 
>kaptar  Jokul,  distant  nearly  two  hundred  miles  from  Nyoe,  threw 
>ut  a  torrent  of  lava  which  fiowed  down  into  the  river  Skapta,  and 
ompletely  dried  it  up.  The  channel  of  the  river  was  between  high 
ocks,  in  many  places  from  four  hundred  to  six  hundred  feet  in 
lepth,  and  near  two  hundred  in  breadth.  Not  only  did  the  lava  fill 
ip  this  great  defile  to  the  brink,  but  it  overflowed  the  adjacent 
[elds  to  a  considerable  extent.  The  burning  fiood,  on  issuing  from 
he  confined  rocky  gorge,  was  then  arrested  for  some  time  by  a  deep 
ake,  which  formerly  existed  in  the  course  of  the  river,  between 
>kaptardal  and  Aa,  which  it  entirely  filled.  The  current  then  ad- 
anced  again,  and  reaching  some  ancient  lava  full  of  subterraneous 
nverns,  penetrated  and  melted  down  part  of  it ;  and  in  some  places, 
vhere  the  steam  could  not  gain  vent,  it  blew  up  the  rock,  throwing 
ragmen ts  to  the  height  of  more  than  150  feet.  On  the  18th  of 
Fane,  another  ejection  of  liquid  lava  rushed  from  the  volcano,  which 
lowed  down  with  amazing  velocity  over  the  surface  of  the  first  stream. 
}y  the  damming  up  of  the  mouths  of  some  of  the  tributaries  of  the 
$kapta,  many  villages  were  completely  overflowed  with  water,  and 
bus  great  destruction  of  property  was  caused.  The  lava,  after 
lowing  for  several  days,  was  precipitated  down  a  tremendous  cata- 
mct  called  Stapafoss,  where  it  filled  a  profound  abyss,  which  that 

♦  The  first  narrative  of  the  emption  and  length  of  the  lava  cnrrentsi  by  re- 

ras  drawn  ap  by  Stephenson,  then  Chief  ference  to  the  MS.  of  Mr.  Paulson,  who 

Fnstice  in  Iceland,  appointed  commis-  visited  the  tract  in  1794,  and  examined 

ioner   by  the  King    of   I>enmark   for  the  lava  with  attention.    (Journal  of  a 

Mimating    the    damage    done    to   the  Besidence  in  Iceland,  &c  p.  229.)  Some 

oantry,  that  relief  might  be  afforded  to  of  the  ])rincipal  facts  are  also  corro- 

he  swfferers.    Henderson  was  enabled  borated  by  Sir  William  Hooker,  in  his 

o  correct  some  of  the  measurements  **  Tour  in  Iceland,**  voL  ii.  p.  128. 
^ven  by  Stephenson,  of  the  depth,  width, 
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great  waterfall  had  been  hollowing  out  for  >gea,  and  AfWr  tiiUi  tbt 
iety  Qurrcnt  agnia  continued  its  coarse. 
,  On  the  third  of  August  fresh  floods  of  lava  etiU  pouring  from  the 
fidcano,  a  new  branch  was  sent  off  in  a  di&brent  direction  t  far  iIm 
i^BOoel  of  the  Skaptfi  was  now  eo  entirelj  ebdied  up,  uid  twaf 
opcuing  to  the  west  aad  north  so  obstructed,  that  the  meltad  n 
ym  forced  to  take  a  new  coarse,  so  that  it  ran  in  a  amit) 
Erection,  and  discharged  itself  into  the  bed  of  the  river  Hverfisffio^ 
where  'a  scene  of  destruction  scarouiy  inferior  to  the  former 
occasioned.  Tbesa  Icelandic  lavaa  (like  the  ancient  streams  wliidt 
are  met  with  in  Anvergne,  and  other  prorinces  of  Central  FraoeeX 
4ce  stated  by  Stephenson  to  have  aocumolated  to  a  prodigioiu  deplk 
in  Barrow  rocky  goi^es  t  hut  when  they  came  to  wide  alluvial  |~  ' 
tiwy  spread  themselves  out  into  btxMtd  burning  lakes,  aameiiiDea 
twain  to  fifteen  miles  wide,  and  one  hundred  feet  deep.  When  Iha 
"flery  lake''  which  filled  up  the  lower  pc«Uon  of  the  voll^  of  tte 
^tapti  hod  been  augmented  by  new  supplier  the  lava  flowed  i^  the 
oonrse  of  the  river  to  the  foot  of  the  hilts  from  whence  the  Ski|rtl 
takes  iM  rise.  This  aflbrds  a  parallel  case  to  one  which  ca 
•hown  10  have  happened  at  a  remote  era  tn  the  volcanic  regioD  of 
the  Vivarsis  in  fVanco,  where  lava  issued  from  the  cone  of  TbvKjt^ 
and  while  one  branch  ran  down,  another  more  powerful  stream  flowed 
up  the  channel  of  the  river  Ardtkihe. 

The  fides  of  the  valley  of  the  Skapta  present  superb  rangca  «t 
basaltic  columns  of  older  lavita,  resembling  those  which  ore  laid  opea 
in  the  valleys  descending  from  Mont  Dor  in  Auvergne,  where  tB<n 
modem  lava-currents,  on  a  scale  very  inferior  in  magnitude  to  tboss 
oflccbod,  have  also  usurped  the  beds  of  the  existing  rivers.  The 
eruption  of  Skaptdr  Jokul  did  not  entirely  cease  till  the  end  of  t«o 
years ;  and  when  Mr.  Paulson  visited  the  tract  eleven  yeara  afis^ 
wards  in  1794,  he  found  columna  of  smoke  slJll  rising  from  parts  rf 
the  bvfl,  nnd  several  rents  filled  with  hot  water.* 

Although  the  population  of  Iceland  was  very  much  scattered,  anJ 
did  not  exceed  filly  thousand,  no  less  than  twenty  villages  wen 
destroyed,  besides  those  inundated  by  water ;  and  more  than  oies 
thousand  human  beings  perished,  together  with  an  immense  number 
of  cattle,  partly  by  the  depredations  of  the  lava,  partly  by  the  nox)<A 
vapours  which  impregnated  the  air,  and,  in  port,  by  the  famine  camsd 
by  showers  of  ashes  throughout  the  island,  and  ^e  desertioo  of  lbs 
coasts  by  the  6sh. 

Immtme  volume  uf  the  /ova.— But  the  extraordinary  volmiw  i' 
melted  mutter  produced  in  tliia  eruption  deserves  the  partjcolu 
attention  of  the  geologist  Of  the  two  branches,  which  flowed  is 
nearly  opposite  directions,  the  greatest  was  fifty,  and  the  leaser  fortf 
miles  in  length.  The  extreme  breadth  which  the  Skapt»  bnixk 
attained  in  the  low  countries  was  from  twelve  to  fifteen  mile^  tW 
pf  the  other  about  seven.    The  ordinary  height  of  both  currenti  wM 

■  Hendeifoa's  Joonal,  Ac  ^  m; 
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one  hundred  feet,  but  in  narrow  defiles  it  sometimes  amounted  to. 
six  hundred  Professor  Bischoff  has  calcukted,  that,  the  mass  of  lava 
brought  up  from  the  subterranean  regions  by  this  single  eruption 
"surpassed  in  magnitude  the  bulk  of  Mont  Blanc."*  But  a  more  dis- 
tinct idea  will  be  formed  of  the  dimensions  of  the  two  streams,  if  we 
consider  how  striking  a  feature  they  would  now  form  in  the  geology 
of  England,  had  they  been  poured  out  on  the  bottom  of  the  sea  after 
the  deposition,  and  before  the  elevation  of  our  secondary  and  tertiary 
rocks.  The  same  causes  which  have  excavated  valleys  through  parts 
of  our  marine  strata,  once  continuous,  might  have  acted  with  equal 
force  on  the  igneous  rocks,  leaving,  at  the  same  time,  a  sufficient  por* 
tion  undestroyed  to  enable  us  to  discover  their  former  extent.  Let 
us,  then,  imagine  the  termination  of  the  Skapt4  branch  of  lava  to  rest 
on  the  escarpment  of  the  inferior  and  middle  oolite,  where  it  commands 
the  vale  of  Gloucester.  The  great  platform  might  be  one  hundred  feet 
thick,  and  from  ten  to  fifteen  miles  broad,  exceeding  any  which  can 
be  found  in  Central  France.  We  may  also  suppose  great  tabular 
masses  to  occur  at  intervals,  capping  the  summit  of  the  Cotswold  Uilla 
between  Gloucester  and  Oxford,  by  Northleach,  Burford,  and  other 
towns.  The  wide  valley  of  the  Oxford  clay  would  then  occasion  an 
interruption  for  many  miles ;  but  the  same  rocks  might  recur  on  the 
s|ummit  of  Cumnor  and  Shotover  Hills,  and  all  the  other  oolitio. 
eminences  of  that  district  On  the  chalk  of  Berkshire,  extensive 
plateaus,  six  or  seven  miles  wide,  would  again  be  formed ;  and,  lastly 
crowning  the  highest  sands  of  Highgate  and  Hampstead,  we  might 
behold  some  remnants  of  the  current  five  or  six  hundred  feet  in. 
thickness,  causing  those  hills  to  rival,  or  even  to  surpass,  in  height^ 
Salisbury  Craigs  and  Arthur's  Seat 

The  distance  between  the  extreme  points  here  indicated  would  not 
exceed  ninety  miles  in  a  direct  line  ;  and  we  might  then  add,  at  the 
distance  of  nearly  two  hundred  miles  from  London,  along  the  coast  of 
Dorsetshire,  and  Devonshire,  for  example,  a  great  mass  of  igneous 
rocks,  to  represent  those  of  contemporary  origin,  which  were  produced 
beneath  the  level  of  the  sea,  where  the  island  of  Nyoe  rose  up. 

Volume  of  ancient  and  modem  fiows  of  lava  compared.  —  Yet, 
gigantic  as  must  appear  the  scale  of  these  modem  volcanic  operations, 
we  must  be  content  to  regard  them  as  perfectly  insignificant  in  com- 
parison to  currents  of  the  primeval  ages,  if  we  embrace  the  theoretical 
views  of  many  geologists,  which  were  not  inaccurately  expressed  by 
the  late  Professor  'Alexander  Brongniart,  when  he  declared  that 
"  aux  epoques  geognostiques  anciennes,  tous  les  phenom^nes  geolo- 
giques  se  passoient  dans  des  dimensions  centuples  de  celles  qu*i- 
presentent  aujourd'hui."|     Had  Skaptar  Jokul,  therefore,  been 
volcano  of  the  olden  time,  it  would  have  poured  forth  lavas  a^ 
single  eruption  a  hundred  times  more  voluminous  than  those  wl^ 
were  witnessed  by  the  present  generation  in  1783.    But  it  ma* 

♦  Jameson's  Phil.  Journ.  voL  xxvL        t  Tableau  des  Terrains  qui  conr 
p.  291.  I'Ecorce  du  Ololie,  p.  52.    Paris 
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the  contrary,  be  affirmed  that,  among  the  ol^er  rormalions,  no  igtiMiai 
rock  of  eiioh  colossal  magnitude  has  yet  been  met  with  i  nay,  ll  wodU 
bo  most  difficult  to  point  out  a  mass  of  ancient  data  (diilloctly 
referable  to  a  single  eruption)  which  would  ercn  rival  in  Tolume  the 
matter  poured  out  from  Skaptiir  Jokul  in  I7S3. 

Eruption  o/Jorvllo  in  1T59.  —  As  another  esample  of  the  stn- 
pendous  Bcule  of  modern  volcnnic  eruptions,  I  may  mention  tliat  of 
Jorullo  in  Mexico,  In  1759.  The  great  region  to  which  this  moan- 
tain  belongs  has  already  been  described-  Tlie  pinin  of  Klalpais  foms 
part  of  an  elevated  platform,  between  two  and  three  thniisnnd  feet 
above  the  level  of  the  sea,  and  is  bounded  by  hills  composed  of  bualt; 
trachytes  ^"^  volcanic  tulT,  clearly  indicating  that  the  country  hail 
previously,  though  probably  st  a  remote  period,  been  the  thcaiKe  rf 
igneous  action.  From  the  era  of  tlie  discovery  of  the  New  World  to 
the  middle  of  the  last  cenlury,  the  district  had  remained  undiaiurbenJ, 
and  the  space,  now  the  eite  of  the  volcano,  which  is  thirly-siK  leagsn 
dittant  fnim  the  nearest  sea,  was  occupied  by  fertile  fields  of  sogsr. 
cane  and  indigo,  and  watered  by  the  two  brooks  Cuitimba  and  Su 
Pedro,  In  the  month  of  June,  1V59,  hollow  sounds  of  an  alarmiag 
nature  wern  heard,  and  earthquakes  succeeded  each  other  for  two 
months,  until,  at  the  end  of  September,  flames  issued  from  the  gronnd, 
and  fragments  of  burning  rocks  were  thrown  to  prodigious  heights 
Six  volcanic  cones,  composed  of  scoriie  and  fragmentary  lava,  wen 
formed  on  the  line  of  a  chasm  which  ran  in  the  direction  fromN.N.E. 
to  S.  S.  W.  The  least  of  these  cones  was  300  feet  in  height ;  and 
Jorull<^  the  central  volcano,  was  elevated  1600  feet  above  the  level 
of  the  plain.  It  sent  forth  great  streams  of  basaltic  lava,  containbg 
included  fragments  of  granitic  rocks,  and  its  ejections  did  not  oase 
till  the  month  of  February,  1760.* 

Humboldt  visited  the  country  more  than  forty  yaars  after  thii  oe- 
curreuce,  and  was  informed  by  the  Indians,  that  when  they  retoraed, 
long  after  the  catastrophe,  to  the  plain,  they  found  the  ground  un- 
inhabitable from  the  excessive  heat.  When  he  himself  visited  tk 
place,  there  appeared,  around  the  base  of  the  cones,  and  spreadiif 
from  them,  as  from  a  centre,  over  an  extent  of  four  square  miles,  ■ 
mass  of  matter  of  a  convex  form,  about  550  feet  high  at  its  junrtioB 
with  the  cones,  and  gradually  sloping  from  them  in  all  direetioBi 
towards  the  plain.     Tliis  mass  was  elill  In  a  heated  state,  the  tempe 


t,  IiicUDcd|)laiwili)plD|>l4B*nfl*of  PftOB  lbtb*M«<lt*^M- 

ure  in  the  fisanres  being  on  the  decrease  from  year  to  yew,  bat  ii 
"i  it  was  still  sufficient  to  light  a  cigar  at  the  depth  of  t  fsw  inebcfc 
tuB  slightly  convex  protuberance,  the  slope  of  which  mint  fin 


*  Danbeny  an  Tolcasot,  p.  33T. 
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an  angle  of  about  6^  with  the  horizon,  were  thousands  of  flattish 
conical  mounds,  from  six  to  nine  feet  high,  which,  as  well  as  large 
fissures  traversing  the  plain,  acted  as  fumeroles,  giving  out  clouds 
of  sulphurous  acid  and  hot  aqueous  vapour.  The  two  small  rivers 
before  mentioned  disappeared  during  the  eruption,  losing  themselves 
below  the  eastern  extremity  of  the  plain,  and  reappearing  as  hot 
springs  at  its  western  limit. 

Cause  of  the  convexity  of  the  plain  of  Malpais*  <—  Humboldt  attri- 
buted the  convexity  of  the  plain  to  inflation  from  below  ;  supposing 
the  ground,  for  four  square  miles  in  extent,  to  have  risen  up  in  the 
shape  of  a  bladder  to  the  elevation  of  550  feet  above  the  plain  in  the 
highest  part.  But  Mr.  Scrope  has  suggested  that  the  phenomena 
may  be  accounted  for  far  more  naturally,  by  supposing  that  lava 
flowing  simultaneously  from  the  different  orifices,  and  principally 
from  Jorullo,  united  into  a  sort  of  pool  or  lake.  As  they  were  poured 
forth  on  a  surface  previously  flat,  they  would,  if  their  liquidity  was 
not  very  great,  remain  thickest  and  deepest  near  their  source,  and 
diminish  in  bulk  from  thence  towards  the  limits  of  the  space  which 
they  covered.  Fresh  supplies  were  probably  emitted  successively 
during  the  course  of  an  eruption  which  lasted  more  than  half  a  year ; 
and  some  of  these,  resting  on  those  first  emitted,  might  only  spread 
to  a  small  distance  from  the  foot  of  the  cone,  where  they  would, 
necessarily  accumulate  to  a  great  height.  The  average  slope  of  the 
great  dome-shaped  volcanos  of  the  Sandwich  Islands,  formed  almost 
exclusively  of  lava,  with  scarce  any  scoriae,  is  between  6°  30'  and 
7°  46',  so  that  the  inclination  of  the  convex  mass  around  Jorullo,  if 
we  adopt  Mr.  Scrope's  explanation  (see  fig.  57.),  is  quite  in  accord- 
ance with  the  known  laws  which  govern  the  flow  of  lava. 

The  showers,  also,  of  loose  and  pulverulent  matter  from  the  six 
craters,  and  principally  from  Jorullo,  would  be  composed  of  heavier 
and  more  bulky  particles  near  the  cones,  and  would  raise  the  ground 
at  their  base,  where,  mixing  with  rain,  they  might  have  given  rise 
to  the  stratum  of  black  clay,  which  is  described  as  covering  the  lava. 
The  small  conical  mounds  (called  *'  hornitos,"  or  little  ovens)  may 
resemble  those  five  or  six  small  hillocks  which  existed  in  1823  on 
the  Vesuvian  lava,  and  sent  forth  columns  of  vapour,  having  been 
produced  by  the  disengagement  of  elastic  fluids  heaving  up  small 
dome-shaped  masses  of  lava.  The  fissures  mentioned  by  Humboldt 
as  of  frequent  occurrence,  are  such  as  might  naturally  accompany  the 
consolidation  of  a  thick  bed  of  lava,  contracting  as  it  congeals  ;  and 
the  disappearance  of  rivers  is  the  usual  result  of  the  occupation  of 
the  lower  part  of  a  valley  or  plain  by  lava,  of  which  there  are  many 
beautiful  examples  in  the  old  lava-currents  of  Auvergne.  The  heat 
of  the  'Miornitos''  is  stated  to  have  diminished  from  the  first;  and 
Mr.  Bullock,  who  visited  the  spot  many  years  after  Humboldt,  found 
the  temperature  of  the  hot  spring  very  low, — a  fact  which  seems 
clearly  to  indicate  the  gradual  congelation  of  a  subjacent  bed  of  lava, 
which  from  its  immense  thickness  may  have  been  enabled  to  retain  its 
heat  for  half  a  century.    The  reader  may  be  reminded,  that  when  we 


ibiA  'to^dw  die  bm  nte  iba  vdcuw  te  bare  been,  together  mA 
tin  ejected  aihei,  m(a6  tfaui  five  bnndreii  fefet  in  depth,  we  menljr 
aadKn  a  thickness  nhich  (Le  current  of  Skapt^  Jokul  attaiaed  b 
some  places  tn  1783. 

BMtm  iiMtnd  of  Ae  plain  tehen  ttntek.  —  Another  Bi;guniciit 
'■ddmed  in  sopport  of  the  tbeorj  of  inflation  from  below,  wu,  tbe 
hollow  sound  made  b;  the  steps  of  a  horse  apoa  the  plain  ;  wbk^ 
■himVta,  proves  nothing;  more  than  that  the  mateiiats  of  which  ibp 
oodvez  tnasB  is  composed  are  light  and  porous.    The  sound  ealM    . 
"rimbombo"  hy  the  -Italians  is  rery  commoolf  returned  hj  niaA    ^ 
ffrornhd  when  struck  sharply;  and  has  been  ohsmed  not  only  on  iA 
aides  of  TesuviuB  and  other  volcanic  cones  where  there  is  a  cavity 
below,  but  in  such  regions  as  the  Campagna  di  Romn,  composed  >d  ■ 
great  measure  of  tuff  and  porons  volcanic  rocks.     Tbe  reverberation, 
however,  may  perhaps  be  assisted  by  grottos  and  caverns,  for  tba^_ 
may  be  as  numerous  in  the  lavas  of  iTorullo  as  in  many  of  tboilVI 
Etna ;  but  their  existence  would  lend  no  countenance  to  the  ^f^fl 
theflik  of  a  great  arched  cavity,  four  square  miles  in  extent,  md  11  ■ 
tbe  centre  550  feet  high.*  ...M 

No  recent  ervptitm*  <^  JontUo.—la  a  former  edition  I  stataCplH 
Z  had  been  tnibriiied  by  Captain  Telcb,  that  in  IB19  a  tower  at  Qil^'* 
dalaxara  was  thrown  down  by  an  earthquake,  and  that  ashes,  supposed 
to  have  come  from  Jomllo,  fell  at  tbe  same  time  at  Guanaxnato,  a 
town  situated  140  EngUsh  miles  from  the  volcano.  But  Mr^  Bork- 
hardt,  a  German  director  of  mines,  who  examined  Jorutlo  in  I8ST, 
ascertained  that  there  had  been  no  eruption  there  since  Humboldfs 
visit  in  1803.  He  went  to  the  bottom  of  the  crater,  and  observed  ■ 
slight  evolution  of  sulpbnrous  acid  vapours,  but  the  "  hornitoa'  had 
entirely  ceased  to  send  forth  steam.  During  the  twenty-four  yean 
Intervening  between  his  visit  and  that  of  Humboldt,  vegetation  bid 
made  great  progress  on  the  flanks  of  the  new  hills,  tbe  rich  soil  of  the 
surrounding  country  was  once  more  covered  with  luxuriant  crops  of 
BDgar-cane  and  indigo,  and  there  was  an  abundant  growth  of  natani 
underwood  on  all  the  uncultivated  tracts.f 

Gatotigoon,  Java,  1822. — The  mountoin  of  Galongoon  (or  Galnng 
Gung)wosin  1822  covered  by  a  dense  forest,  and  situated  inafruitfol 
and  thickly-peoplbd  part  of  Java.  There  whs  a  circular  hollow  at  its 
summit,  but  no  tradition  existed  of  any  former  eruption.  In  Jolv, 
1822,  tlie  waters  of  the  river  Kunir,  one  of  those  which  flowed  froa 
its  flunks,  became  for  a  time  hot  and  turbid.  On  tbe  8th  of  October 
following  a  loud  explosion  was  heard,  the  earth  bhook,  and  immense 
columns  of  hot  water  and  boiling  mud,  mixed  with  burning  brim- 
stone, ashes,  and  lapilli,  of  the  siae  of  nuts,  were  projected  from  the 
tnounlain  like  a  water-spout,  with  such  prodigious  violence  that  large 
quantities  fell  beyond  tlic  river  Tandoi,  which  is  forty  miles  distant. 
-  Every  valley  within  the  range  of  this  eruption  became  filled  whh  ■ 
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baming  tbrrent,  and  the  riyers,  swollen  with  hot  water  and  mud, 
overflowed  their  banks,  and  carried  away  great  numbers  of  the  people, 
who  were  endeavouring  to  escape,  and  the  bodies  of  cattle,  wild 
beasts,  and  birds.  A  space  of  twentj-four  miles  between  the  moun- 
tain and  the  river  Tandoi  was  covered  to  such  a  depth  with  bluish 
mud  that  people  were  buried  in  their  hous^,  and  not  a  trace  of  the 
numerous  villages  and  plantations  throughoift  that  extent  was  visible. 
Within  this  space  the  bodies  of  those  who  perished  were  buried  in 
mud  and  concealed,  but  near  the  limits  of  the  volcanic  action  they 
were  exposed,  and  strewed  over  the  ground  in  great  numbers,  partly 
boiled  and  partly  burnt. 

It  was  remarked,  that  the  boiling  mud  and  cinders  were  projected 
with  such  violence  from  the  mountain,  that  while  many  remote  vil- 
lages were  utterly  destroyed  and  buried,  others  much  nearer  the 
volcano  were  scarcely  injured. 

The  first  eruption  lasted  nearly  five  hours,  and  on  the  following 
days  the  rain  fell  in  torrents,  and  the  rivers  densely  charged  with 
mud,  deluged  the  country  far  and  wide.  At  the  end  of  four  days 
(October  12th)  a  second  eruption  occurred  more  violent  than  the  first, 
in  which  hot  water  and  mud  were  again  vomited,  and  great  blocks  of 
basalt  were  thrown  to  the  distance  of  seven  miles  from  the  volcano. 
There  was  at  the  same  time  a  violent  earthquake,  and  in  one  account 
it  is  stated  that  the  face  of  the  mountain  was  utterly  changed,  its 
summits  broken  down,  and  one  side,  which  had  been  covered  with 
trees,  became  an  enormous  gulf  in  the  form  of  a  semicircle.  This 
cavity  was  about  midway  between  the  summit  and  the  plain,  and  sur; 
rounded  by  steep  rocks,  said  to  be  newly  heaped  up  during  the  erup- 
tion. New  hills  and  valleys  are  said  to  have  been  formed,  and  the 
rivers  Banjarang  and  Wulan  changed  their  course,  and  in  one  night 
(October  12th)  2000  persons  were  killed. 

The  first  intimation  which  the  inhabitants  of  Bandong  received  of 
this  calamity  on  the  8th  of  October,  was  the  news  that  the  river 
"Wulna  was  bearing  down  into  the  sea  the  dead  bodies  of^en,  and 
the  carcasses  of  stags,  rhinoceroses,  tigers,  and  other  animals.  The 
Dutch  painter  Payen  determined  to  travel  from  thence  to  the  volcano, 
and  he  found  that  the  quantity  of  the  ashes  diminished  as  he  ap- 
proached the  bnse  of  the  mountain.  He  alludes  to  the  altered  form 
of  the  mountain  after  the  12th,  but  does  not  describe  the  new  semi- 
circular gulf  on  its  side. 

The  ofiicial  accounts  state  that  114  villages  were  destroyed,  and 
above  4000  persons  killed.  • 

Submarine  volcanos,  —  Although  we  have  every  reason  to  believe 
that  volcanic  eruptions  as  well  as  earthquakes  are  common  in  the 
bed  of  the  sea,  it  was  not  to  be  expected  that  many  opportunities 
would  occur  to  scientific  observers  of  witnessing  the  phenomena. 
The  crews  of  vessels  have  sometimes  reported  that  they  have  seen  in 

*  Van  der  Boon  Mcsch,  de  Incendils    Baron  Van  der  Capellen  |  also.  Yon 
Montium  JaTSB,  &a    Lugd.  Bat  isas ;    Badi,  Bes  Canar.  p.  424. 
and  Official  Report  of  the  President, 
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diAerent  places  sulpburous  smoke,  flame,  jets  of  nnter,  and  t 
rising  up  from  the  sea,  or  the^  bare  observed  tbe  waters  gmllf 
discoloured,  and  in  a  state  of  violent  agitation  tta  if  boiling.  No 
eboaU  have  also  been  encountered,  or  a  reef  of  rocks  just  emergni 
above  the  surface,' where  previously  there  was  always  suppoaed  U 
lutve  been  deep  water.  On  some  few  occasions  the  gradual  formadoo 
of  an  island  by  a  subi^rine  eruption  bas  been  observed,  as  that  of 
Sabrina,  in  tbe  year  181 1,  off  St.  Michael's  io  tbe  Asorea.  TV 
throwing  up  of  nslies  in  tliat  case,  and  the  formation  of  a  cona  kbooi 
three  hundred  feet  in  height,  with  a  crater  in  the  ceutre,  doaelj 
resembled  tbe  phenomena  usunllj  accompanying  a  voluvnic  c: 
00  land.  Sabrina  was  eoon  washed  away  by  the  waves.  Prert 
eruptions  in  the  same  part  of  tbe  sea  were  recorded  to  have  bappenei 
in  1691  and  1720,  Tbe  rise  of  Nyiie,  also,  a  small  island  off  tk 
coast  of  Iceland,  in  17^3,  bne  already  been  alluded  to ;  nnd  anotbct 
Tolcanic  isle  was  produced  by  an  ernption  near  Reikiavig,  on  tbe 
same  coast,  in  June,  1830.* 

Graham  Island^,  1831. — We  have  still  more  recent  and  mtnali 
iiifonnalion  respecting  the  appearitncc,  in  1831,  of  a  new  volcanic 
island  in  the  Mediterranean,  between  the  S.  W,  coast  of  Sicily  aod 
that  projecting  part  of  the  African  const  whore  aiiciiuit  Carthafc 
Slood.  The  site  of  the  island  n'jis  not  any  purt  of  ll»:  great  fhwl, 
or  bank,  called  "  Nerita,"  as  was  first  asserted,  but  a  spot  where 
Captain  'W.  H.  Smyth  had  found,  in  bis  survey  a  few  yean  befoR, 
a  depth  of  more  than  one  hundred  fathoms'  water.  { 

Tbe  position  of  the  island  (lat,  37°  8'  30"  N.,  long.  12"'  +2"  15"  E) 
was  about  thirty  miles  S.  W.  of  Sciacca,  in  Sicily,  and  thirtj-thna 
miles  N.  £.  of  FaDt«llaria.§  On  the  28th  of  June,  about  afortni^ 
before  tbe  eruption  was  viaible,  Sir  Fulteney  Malcolm,  io  paMJaf 
over  tbe  spot  in  his  ship,  felt  the  shocks  of  an  earthquake,  as  if  bi 
had  struck  on  a  sand-bank  ;  and  tbe  same  shocks  were  felt  on  tb> 
west  coast  of  Sicily,  in  a  direction  from  S.  W,  to  N.  £.  About  tk 
10th  of  juljr,  John  Corrao,  the  captain  of  a  Sicilian  vessel,  reported 
that,  as  he  passed  near  the  place,  be  taw  a  column  of  water  liks 
a  water-spout,  sixty  feet  high,  and  800  yards  in  circumference,  linof 
from  the  sea,  and  soon  afterwards  a  dense  steam  in  its  place^  wbitk 
ascended  to  the  height  of  1800  feet.  The  same  Corrao,  on  hiaretaia 
from  Girgenti,  on  tbe  18lh  of  July,  found  a  small  island,  twelve  fed 
high  with  a  crater  in  its  centre,  ejecting  volcanic  matter,  and  iiiiaii  iw 
columns  of  vapour ;  the  sea  around  being  covered  with  floating  dndoi 

*  Joum.  de  Gfni.  tomeL  Orabsm,    CornKi,  Sciacca,  Jab  is 

t  in  a  toTUKt  edition,  I  (docted  tbo  the  inlc  iru  Tuible  for  only  akoM  Am 

niuDe  of  Sciumi  ont  of  seven  which  hud  month*,  thU  ii  an  inuawM  of  a  wMM 

been    proposed  ;  but    (he    Royal    and  niuUiplicatiiin  of  tjatmjina  whick  IM 

Geographical  SocieticB  have  now  ndop(i:d  ■carrel;  erer  been  outdoae  efia  la  tt 

Graham  Island  ;  a  noiDE  given  by  Capt.  onnok  of  toalagj  aad  halaB7. 

Senhoniie.  K.N..  Ihefiratwhii  succccctcd  {  PhiL  Truu.  IBas,p.US, 

in    landint;    on    it.      The    seven    rival  t|  Jaatn,    at    Bof.    GcOffVk,    8oa 

Dames  are  NeriU,  FerdiuuuU,  Uoduun,    1830-91. 
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i  dead  fish.    The  scoriae  were  of  a  chocolate  colour,  and  the  water 
ich  boiled  in  the  circular  baaio,  vas  of  a  dingy  red.    The  eruption 


of  tbe  IsMrlor  ol  Gnlum  ItUod,  19U  «qil.  lUI. 


itinued  with  great  violence  to  the  end  of  tbe  eame  month;  at  which 
le  the  island  was  visited  by  several  persons,  and  among  others  bj 


Hg.M. 

( 

i 

i 

^~-   ^~~ 

r^=^^— 

'  Fliil.  Tram.,  part,  il,  1832,  reduced  M.C.  Prevort,  the  beds  seem  to  ilope 

m  drawingi  bj  Captoio  Wodehoiue,  Unrardt  the  centre  of  the  crater  i  bat  I 

m.  am  infbnned  bj  M.  Frevost  that  thcte 

t  Id  the  umeied  sketch  (%.  60.),  lines  were  not  inieaded  bj  tbe  aitist  lo 

ani^U.JoiiiTiIle,«bosccompaiiiGd  rapieKnt  the  dip  of  the  bedi. 
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Cnpt.  Sninbiimc,  R.  N.,  ami    M.  Hnffmann,  the  PrusgiBii  geoIopA- 
It  was  then  from  flfly  to  ninety  feet  in  height,  and  three  qu&rUtn  if 
n  mile  in  circumference.     By  the  4th  of  August  it  became,  accuriiit 
to  some  accounta,  above  200  feet  high,  tuid  three  miles  in  ci 
ference  ;  after  whicti  it  began,  to  diminish  in  size  b/  thti  nclioii  of  ^ 
wares,  and  was  oaij  two  miles  round  on  the  25th  of  Anguet  i  ftii4  « 
the  3rd  of  September,  when  it  was  carefully  exAmincd  by  Oaptiit  I 
Wodchouse,  only  three-fifths  of  a  mile  io  circumference ;  it«  gmt«M  I 
height  being  then  10?  feet.     At  this  time  the  crater  wa*  obost  Tf 
feet  in   circumference.     On    the   29th  of  September,    wbeo  it  • 
visited  by  Mons.  C,  Prevost,  its  circumference  was  reduced  to  iba 
700  yards.     It  was  composed  entirely  of  incoherent  ejected  man 
ecoria;,  pumice,  and  lopilli,  forming  regular  strata,  some,  of  whidm 
described  as  liaving  been  parallel  to  the  iteep  inward  slope  of  ti 
crater,  while  the  rest  were  inclined  outwards,  like  those  of  VesoviiL* 
When  the  arrangement  of  the  ejected  materials  has  be«Q  detemiarf 
by  tbdr  falling  continually  on  two  steep  slopes,  that  of  the  eil 
cone  and  that  of  the  crater,  which  is  always  a  hollow  inverted  e< 
transverse  section  would  probably  resemble  that  given  in  tbe  aniww^ 
figure  (61.).    Bat  when  I  visited  Vesuvius,  in  1S23, 1  saw  no  be^' 


scoriffi  inclined  towards  the  axIs  of  the  cone.  (See  fig,  45.  p.  381.) 
Such  may  have  once  existed  ;  but  the  explosions  or  siibaideiice^  K 
whatever  causes  prodnced  the  great  crater  of  IS22,  had  posab^  de- 
stroyed them. 

Few  of  the  pieces  of  stone  thrown  out  from  Graham  UiW 
exceeded  a.  foot  in  diameter.  Some  fragments  of  dolomitic  limertoM 
were  intermixed ;  but  these  were  the  only  non-votcanic  subslaaee^ 
During  the  month  of  August,  there  occurred  on  the  S.  W,  dde  of  di 
new  island  a  violent  ebullition  and  agitation  of  the  sea,  occompanM 
by  the  constant  ascension  of  a  column  of  dense  white  smm.  ia- 
dieating  the  existence  of  a  second  vent  at  no  great  depth  frooi  the 
surface.  Towards  the  close  of  October,  no  vestige  of  the  cnur 
remained,  and  the  island  was  nearly  levelled  with  the  surface  of  tb* 
oc^^an,  with  the  exception,  at  one  point,  of  «  small  monticule  of  rwi 
and  scoris.  It  was  reported  that,  at  the  commeacement  of  the  7*^ 
following  (1S32),  there  was  a  depth  of  15U  feet  where  the  islud  yi 
been:  but  this  account  was  quite  erroneous:  for  in  the  eariyF*'* 
of  that  year  Captain  Swinburne  found  a  shool  and  discoloured  »<■ 
there,  and  towards  the  end  of  1833  a  dangerous  reef  existed  </■ 
oval  figure,  about  three-fifths  of  a  mile  in  extent.  In  the  ceotrt** 
a  black  rock,  of  the  diameter  of  about  twenty-six  fathoms,  fraaM* 
lo  eleven  feet  under  water  i  and  round  this  rock  are  b«nki  it  UlA 

•  8oe  Hemoir  by  H.  C.  Prervit,  Ann.  dM  Sci^Kst.  toM.  xiiv. 
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lie  stones  and  looae  santl.  At  the  distance  of  sixty  fftthoma 
this  central  mass,  the  depth  increased  rapidly.  There  was  also 
and  shoal  at  the  distance  of  450  feet  S.  W.  of  the  great  reef, 
fifteen  feet  wster  over  it,  also  composed  of  rock,  sarronnded  by 
sea.  We  can  scarcely  doubt  that  the  rock  in  the  middle  of  the 
■  reef  is  solid  lava,  which  rose  up  in  the  principal  crater,  and 
the  second  shoal  marks  the  site  of  the  snbmariDe  emptioa 
red  in  August,  1831,  to  the  S.  W.  of  the  island, 
im  the  whole  of  the  facts  above  detailed,  it  appears  thst  a  hill 

hundred  feet  or  more  in  height  was  formed  by  a  submarine 
oic  vent,  of  which  the  upper  part  (only  about  two  hundred  feet 

emerged  above  the  waters,  so  as  to  form  an  island.     This  cone 

have  heen  equal  in  size  to  one  of  the  lai^est  of  the  lateral 
oos  on  the  flanks  of  Etna,  and  about  half  the  height  of  the 
tain  JoruUo  in  Mexico,  which  was  formed  in  the  coarse  of  nine 
bs,  in  1759.  In  the  centre  of  the  new  volcano  a  large  cavi^ 
lept  open  by  gaseous  discharges,  whiiA  threw  out  scorin;  and 

Uva  probably  rose  up  in  this  cavity.     It  is  not  uncommon  for 

aubsidiary  craters  to  open  near  the  summit  of  a  cone,  and  one 
ise  may  have  been  formed  in  the  case  of  Graham  Island;  a  vent 
ips,  connected  with  the  main  channel  of  dischai^e  which  gave 
ge  in  that  direction  to  elastic  fluids,  scorie,  and  melted  lava.  It 
not  appear  that,  either  from  this  duct,  or  from  the  principal 

there  was  any  overflowing  of  lava ;  but  melted  rock  may  have 
d  from  the  Hanks  or  base  of  the  cone  (a  common  occurrence 
nd),  and  may  have  spread  in  a  broad  sheet  over  the  bottom  ol 
sa- 

fl  dotted  lines  in  the  annexed  figure  are  an  imaginary  restoration 
)  upper  part  of  the  cone,  now  removed  by  the  waves;  the  strong 
represent  the  part  of  the  volcano  which  is  still  under  water;  in 
intre  is  a  great  column,  or  dike,  of  solid  lava,  two  hundred  feet 
ameter,  supposed  to  fill  the  space  by  which  the  gaseous  flaida 

and  on  each  side  of  the  dike  is  a  stratified  maas  of  scoria  and 

Flg.6». 


„„<::^fe^v^ 


lentary  lava  The  solid  nucleus  of  the  reef  where  the  black 
is  now  found  withstands  the  moTements  of  the  sea ;  while  the 
onding  loose  tuSs  are  cut  away  to  a  somewhat  lower  level.  In 
nanner  the  lava,  which  was  the  lowest  part  of  the  island,  or,  to 
[  more  correctly,  which  scarcely  ever  rose  above  the  level  of  the 

41.     diin.  1839. 
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sea  when  the  island  existed,  has  now  become  the  highest  point  in  the 
reef. 

No  appearances  observed,  either  daring  the  eruption  or  rinoe  the 
island  disappeared,  give  the  least  support  to  the  opinion  promolgatcd 
by  some  writers,  that  part  of  the  ancient  bed  of  the  sea  bad  ben 
lifted  up  bodily. 

The  solid  products,  says  Dr.  John  Davy,  whether  they  consisted  of 
sand,  light  cinders,  or  vesicular  lava,  diflTered  more  in  form  than  ii 
composition.  The  lava  contained  augite;  and  the  specific  gravitj 
was  2*07  and  2*70.  When  the  light  spongy  cinder,  which  floated  oi 
the  sea,  was  reduced  to  fine  powder  by  trituration,  and  the  greats 
part  of  the  entangled  air  got  rid  of,  it  was  found  to  be  of  the  spedSa 
gravity  2-64  ;  and  that  of  some  of  tlie  sand  which  fell  in  theemptiMi 
was  2*75* ;  so  that  the  materials  equaUed  ordinary  granites  in  weight 
and  solidity.  The  only  gas  evolved  in  any  considerable  quantity  wii 
carbonic  acid.f 

Submarine  eruptions  in  mid-Atlantic* — In  the  Nautical  Maguine 
for  1835,  p.  642.,  and  for  1838,  p.  361.,  and  in  the  Ck>mptes  Reodoi^ 
April,  1838,  accounts  are  given  of  a  series  of  volcanic  phenomem, 
earthquakes,  troubled  water,  floating  soorias  and  columns  of  smokc^ 
wliich  liave  been  observed  at  intervals  since  the  middle  of  the  Iirt 
century,  in  a  space  of  open  sea  between  longitudes  20^  ami  2'1  wt-t, 
about  half  a  degree  south  of  the  equator.  These  facts,  says  Mr. 
Darwin,  seem  to  show,  that  an  island  or  an  archipelasro  is  in  pn)i>-s3 
of  formation  in  the  middle  of  the  Atlantic  :  a  line  ioinin*;  St.  Heler.j 
and  Ascension  would,  if  })rolonged,  intersect  this  slowly  naik'ent  fivu« 
of  volcanic  action.J  Should  land  be  eventually  formed  litre,  it  will 
not  l>e  the  first  that  has  been  jjroduced  by  igneous  action  in  th:< 
ocean  since  it  was  inhabited  by  the  existing  species  of  testat^ea.  At 
Porto  Praya  in  St.  Jago,  one  of  the  Azores,  a  horizontal,  ealo.in'O'js 
stratum  occurs,  containing  shells  (»f  recent  marine  spi?oi«»5,  covtrv^i 
by  a  great  sheet  of  basalt  eighty  feet  thick. §  It  would  Ik?  diiBcu!i 
to  estimate  too  highly  the  commercial  and  juditical  impctna-c* 
which  a  group  of  islands  might  aecjuire,  if  in  the  next  two  or  t!;."?-^' 
thousand  years  they  should  rise  in  mid-ocean  between  St.  Hclenaani 
Ascen>iun. 

CANARY  ISLANDS. 

I\ntptinn  ifi  Lancrrnte,  1730  to  I73() — Tlie  ofTi^cts  of  an  eruption 
which  happened  in  Lancerote,  one  of  the  Canary  Islands,  between  i:  ' 
years  1730  and  173f),  were  very  remarkable  ;  and  a  dfiailfd  di.vr.- 
tion  has  been  publislied  by  Von  l>uch,  who  had  fti  opjvjrtunitv,  wl-^a 
he  vi-^iled  that  island  in  ISlo,  of  comparing  the  aeeonnt^  tran-iniitt'-J 
to  us  of  the  event,  with  the  present  state  and  geological  apjH-arani*'^ 
of  the  country.!!     On  the  1st  of  SeptembiT,  1730,  the  earth  ^plit  opa 

•  riiil.  TiMiis.  1S;)L>.  p.  i>43.  rivod  br   Voii  Vixuh   in-m   i\\   ^f^    ' 

t  Pii'l.  p.  i.M'.».  iKm  Aiulri-a  I...n'Tiii  t';irNr.i.  ourjt.   : 

X  Darwin's  V<il<ani<' I.».lantls,  p.  U2.  Yaini.    tho    jmint    wlirre    iti.    riS  ' 

§  I*''«l-  P- 6-  bojran. — LVUt  limn  Milr.miMhvri  Acv 

II  This  account   was  principally   do-  bruch  aufdcr  InsK.!  I«()n?cn^i>. 
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on  a  sudden  two  leagues  from  Yaira.  In  one  night  a  considerable 
hill  of  ejected  matter  was  thrown  up  ;  and,  a  few  days  later,  another 
Tent  opened,  and  gave  out  a  lava-stream,  which  overran  Chinanfaya 
and  other  villages.  It  flowed  first  rapidly,  like  water,  but  became 
afterwards  heavy  and  slow,  like  honey.  On  the  7th  of  September 
an  immense  rock  was  protruded  from  the  bottom  of  the  lava  with  a 
noise  like  thunder,  and  the  stream  was  forced  to  change  its  course 
from  N.  to  N.W.,  so  that  St  Catalina  and  other  villages  were  over- 
flowed. 

Whether  this  mass  was  protruded  by  an  earthquake,  or  was  a  mass 
of  ancient  lava,  blown  up  like  that  before  mentioned  in  1783  in  Ice- 
land, is  not  explained. 

On  the  11th  of  September  more  lava  flowed  out,  and. covered  the 
village  of  Maso  entirely,  and  for  the  space  of  eight  days  precipitated 
itself  with  a  horrible  roar  into  the  sea.  Dead  fish  floated  on  the 
waters  in  indescribable  multitudes,  or  were  thrown  dying  on  the 
shore.  After  a  brief  interval  of  repose,  three  new  openings  broke 
forth  immediately  from  the  site  of  the  consumed  St.  Catalina,  and 
sent  out  an  enormous  quantity  of  lapiUi,  sand,  and  ashes.  On  the 
28th  of  October  the  cattle  throughout  the  whole  country  dropped 
lifeless  to  the  ground,  suffocated  by  putrid  vapours,  which  condensed 
and  fell  down  in  drops.  On  the  1st  of  December  a  lava-stream 
reached  the  sea,  and  formed  an  island,  round  which  dead  fish  were 
strewed. 

Number  of  cones  thrown  up.  —  It  is  unnecessary  here  to  give  the 
details  of  the  overwhelming  of  other  places  by  fiery  torrents,  or  of  a 
Btarm.  which  was  equally  new  and  terrifying  to  the  inhabitants,  as 
they  had  never  known  one  in  their  country  before.  On  the  10th  of 
January,  1731,  a  high  hill  was  thrown  up,  whicb,  on  the  same  day, 
preeipitated  itself  back  again  into  its  own  crater ;  fiery  brooks  of 
lava  flowed  from  it  to  the  sea.  On  the  3rd  of  February  a  new  cone 
arose.  Others  were  thrown  up  in  March,  and  poured  forth  lava- 
streams.  Numerous  other  volcanic  cones  were  subsequently  formed 
in  succession,  till  at  last  their  number  amounted  to  about  thirty.  In 
Jane,  1731,  during  a  renewal  of  the  eruptions,  all  the  banks  and 
shores  in  the  western  part  of  the  island  were  covered  with  dying  fish, 
of  different  species,  some  of  which  had  never  before  been  seen. 
Smoke  and  flame  arose  from  the  sea,  with  loud  detonations.  These 
dreadful  commotions  lasted  without  interruption  for  ^ve  successive 
yearSf  so  that  a  great  emigration  of  the  inhabitants  became  necessary. 

Their  linear  direction As  to  the  height  of  the  new  cones,  Von 

Bach  was  assured  that  the  formerly  great  and  flourishing  St.  Catalina 
lay  baried  under  hills  400  feet  in  height ;  and  he  observes  that  the 
most  elevated  cone  of  the  series  rose  600  feet  above  its  base,  and 
1378  feet  above  the  sea,  and  that  several  others  were  nearly  as 
high.  The  new  vents  were  all  arranged  in  one  line,  about  two 
geographical  miles  long,  and  in  a  direction  nearly  east  and  west. 
If  we  admit  the  probability  of  Von  Buch's  conjecture,  that  these 
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▼ents  opened  aloDg  the  line  of  a  cleft,  it  seems  necesstry  I0 
suppose  that  this  subterranean  fissure  was  only  prolonged  upwardi 
to  the  surface  by  degrees,  and  that  the  rent  was  narrow  at  ix% 
as  is  usually  the  case  with  fissures  caused  by  earthquakes.  Lsn 
and  elastic  fluids  might  escape  from  some  point  on  the  retit  where 
tliere  was  least  resistance,  till,  the  first  aperture  becoming  d^ 
structed  by  ejections  and  the  consolidation  of  lava,  other  oriSen 
burst  open  in  succession  along  tlie  line  of  the  original  fissure.  T« 
Buch  found  tliat  each  crater  was  lowest  on  that  side  on  which  kn 
had  issued ;  but  some  craters  were  not  breached,  and  were  without 
any  lava-streams.  In  one  of  these  were  open  fissures,  out  of  whifk 
hot  vapours  rose,  which  in  1815  raised  the  thermometer  to  145* 
Fahren licit,  and  was  probably  at  the  boiling  point  lower  down.  Hm 
exhalations  seemed  to  consist  of  aqueous  vapour ;  yet  they  could  ui 
be  pure  steam,  for  the  crevices  were  encrusted  on  either  side  by  bIh 
ceous  sinter  (an  opal-like  hydrate  of  silica  of  a  white  colour),  wluA 
extended  almost  to  the  middle.  This  important  fact  attests  the  len^ 
of  time  during  which  chemical  processes  continue  after  eruptions,  tod 
how  open  fissures  may  be  filled  up  laterally  by  mineral  matter,  wb* 
limed  from  volcanic  exhalations.  The  lavas  of  this  eruption  coverMl 
nearly  a  third  of  the  whole  island,  often  forminjr  on  slightly  incUneJ 
plane!*  great  horizontal  slioets  S(?voral  s<iuare  K'nixms  in  arta.  >• 
senibling  very  much  the  basaltic  platforms  of  Auvcrirne. 

l^reteiidi'd  distiHctinu  hftwevn  anvknt  and  wtnlrrn  faras.  — One-.f 
the  n«'"vv  lavas  was  observed  to  contain  masses  of  olivine  of  an  «>iiv-* 
green  colour,  resemblinjr  those  which  occur  in  ono  of  the  lavas  ot'tir 
Vivarais.  Von  Buch  supposes  tin*  jireat  crystals  uf  oUvirit-  to  Lavr 
been  derived  from  a  previously  existing!  basalt  melted  up  by  the  n-.* 
volcanos  ;  but  we  have  scarcely  suMicient  data  to  bear  out  sucli  a 
conjecture.  The  older  rocks  of  the  island  consist,  in  a  gn-at  mea^nr, 
of  that  kind  of  basaltic  lava  called  dolerite,  sometimes  columnar,  a:  i 
partly  of  common  basalt  and  amygdaloid.  Some  recent  lavas  assumrl. 
on  entering  the  sea,  a  prismatic  form,  an<l  so  mu<*h  n»sembl'«i  :"'•' 
older  lavas  of  the  Canaries,  that  the  only  geologi<'al  distinction  wlsi  ^ 
Von  Buch  Mj^prars  to  have  been  able  to  draw  between  tht-ni  w:i-,  i:.-* 
they  did  not  alternate  with  c<»nglomerat<'S.  like  the  anci<*nt  bjsi.>- 
Some  modern  writers  have  endeavoured  to  discover,  in  tiio  nbiimlii' 
of  these  conglomerates,  a  proof  of  the  dis>imilarity  of  the  Vi'liM'i'' 
actitm  in  ancient  and  modern  times ;  but  ibis  eharactiT  is  m^'J^ 
probably  attrilKitabli*  to  the  difference  between  submarine  oporati''^" 
and  tbosf  on  the  land.  All  the  blocks  and  im|X'rfeotly  nMin''<"i 
fragments  of  lava,  transported,  durinir  the  interval  of  eruption.  I'T 
riv«rs  and  torrents,  into  tli<*  atljoininir  sea,  or  torn  bv  the  conlin::-! 
action  of  tlie  waves  from  clitfs  which  are  undermined,  must  .ac«"jn:=-- 
late  in  stratifn-d  breccias  and  conglomerates,  and  be  covtrt-il  ac-  ' 
and  again  by  other  lavas.  This  is  now  taking  place  on  tht*  >hi'^* 
of  Sicily,  between  Catania  and  Trezza,  where  the  sea  bn-aks  do*a 
and  covers  the  shore  with  blocks  and  pebbles  i»f  the  modern  lavs*  ! 
P-tna ;  and  on  parts  of  the  coa>t  t)i'  Ischia,  where  numerous  ci:rn'»^ 
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of  trachyte  are  in  like  manner  undermined  in  lofty  precipices.  So 
often,  then,  as  an  island  is  raised  in  a  volcanic  archipelago  bj  earth- 
quakes from  the  deep,  the  fundamental  and  (relatively  to  all  above) 
the  oldest  lava  will  often  be  distinguishable  from  those  formed  by 
subsequent  eruptions  on  dry  land,  by  their  alternation  with  beds  of 
sandstone  and  fragmentary  rocks. 

The  supposed  want  of  identity,  then,  between  the  volcanic  phe- 
nomena of  different  epochs  resolves  itself  partly  at  least  into  the 
marked  difference  between  the  operations  simultaneously  in  progress, 
above  and  below  the  waters.  Such,  indeed,  is  the  source,  as  was 
before  stated  in  the  First  Book  (Cliap.  V.),  of  many  of  our  strongest 
theoretical  prejudices  in  geology.  No  sooner  do  we  study  and  endea- 
TOur  to  explain  submarine  appearances,  than  we  feel,  to  use  a  com- 
mon expression,  out  of  our  element ;  and  unwilling  to  concede  that 
oar  extreme  ignorance  of  processes  now  continually  going  on  can  be 
the  cause  of  our  perplexity,  we  take  refuge  in  a  **  pre-existent  order 
of  nature." 

Meeent  formation  of  oolitic  travertin  in  Lancerote. — Throughout 
a  considerable  part  of  Lancerote,  the  old  lavas  are  covered  by  a  thin 
stratum  of  limestone,  from  an  inch  to  two  feet  in  thickness.  It  is  of 
a  hard  stalactitic  nature,  sometimes  oolitic,  like  the  Jura  limestone, 
and  contains  fragments  of  lava  and  terrestrial  shells,  chiefly  helices 
and  spiral  bulimi.  It  sometimes  rises  to  the  height  of  800  feet  above 
the  level  of  the  sea.  Von  Buch  imagines  that  this  remarkable 
super-stratum  has  been  produced  by  the  furious  north-west  storms, 
which  in  winter  drive  the  spray  of  the  sea  in  clouds  over  the  whole 
island  ;  from  whence  calcareous  particles  may  be  deposited  stalactiti- 
eally.  Mr.  Darwin  informs  me  that  he  found  a  limestone  in  St. 
Helena,  the  harder  parts  of  which  correspond  precisely  to  the  stone 
of  Lancerote.  He  attributes  the  origin  of  this  rock  in  St.  Helena 
not  to  the  spray  of  the  sea,  but  to  drifting  by  violent  winds  of  the 
finer  particles  of  shells  from  the  sea-beach.  Some  parts  of  this  drift 
are  subsequently  dissolved  by  atmospheric  moisture,  and  re-deposited, 
ao  as  to  convert  calcareous  sand  into  oolite. 

Recent  eruption  in  Lancerote,  —  From  the  year  1736  to  1815, 
when  Yon  Buch  visited  Lancerote,  there  had  been  no  eruption ;  but, 
in  August,  1824,  a  crater  opened  near  the  port  of  Rescif,  and  formed 
bj  its  ejections,  in  tlie  space  of  twenty-four  hours,  a  considerable  hill. 
Violent  earthquakes  preceded  and  accompanied  this  eruption.* 

Teum^e.  — The  Peak  of  Teneriffe  is  about  12,000  feet  high, 
and  stands,  says  Yon  Buch,  like  a  ^ower  encircled  by  its  fosse  and 
bastion.  The  bastion  consists,  like  the  semicircular  escarpment  of 
8omma  turned  towards  Yesuvius,  of  precipitous  cliffs,  composed  of 
trachyte,  basalt,  coarse  conglomerates,  and  tufib,  traversed  by  volcanie 
dikes,  mostly  vertical,  and  of  basalt.  These  cliffs  vary  in  height 
from  1000  to  1800  feet,  and  are  supposed  by  Yon  Buch  to  have  been 
heaved  up  into  their  present  position  by  a  force  exerted  from  below, 

•  Femnac,  Bulletin  des  Sd  Nat.  tome  v.  p.  45.  1825. 
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IB  aootadsnoe  willi  the  tbeoiy  proposed  bj  the  stme  aathor  fbr  6 
origin  of  tbe  oones  of  Veauvios  uid  Etna.  According  to  th«  o' 
Mrrttioni  of  M.  Deville  in  18S9*i  the  tnohjtes  are  ofton  g 
la  tbeir  upect,  and  contun  instead  of  giaaaj  Mapnr  Urn  ■ 
auneral  called  oligoclaee,  which  had  been  previously  considered  ■ 
obaracterittic  of  more  ancient  igneous  rocks.  The  some  tr 
ippntf.  although  be  foond  do  limeBtone  or  trace  of  fossils  in 
the  ro^  of  Teneriffe,  that  the  alteniating  trachjtea  and  ti 
ooaglomerates  originated  beneath  the  sea.  If  this  opinian  h^M 
■ltd  it  is  at  leut  very  probable,  geol<^sU  may  still  qteeal 
nodae  in  which  the  mass  of  the  island  acqatred  its  pi 
eleratioo  above  the  sea.  let.  The  advocates  of  Von  Buch'sa 
etevation  hypothesis  may  imagine  that  a  succession  of  h 
■Sper-imposed  beds  were  upheaved  by  a  sudden  movement,  a 
so  as  to  dip  in  all  directions  outwards  from  the  centre  of  a  ■> 
ahqied  eminenee,  in  the  middle  of  which  a  large  opening  or  1 
■hiq>ed  cavity  was  produced.  Sdly.  Or  according  to  tha  theory  « 
to  ine  spears  preferable,  a  submarine  hill  in  the  form  of  a  fl 
done  may  have  gradually  accumulated,  partly  below  the  waten  ■ 
partly  above  by  the  continued  outpouring  of  sheets  of  lava  aarf  t 
qection  of  ashes  from  a  central  orifice.  In  tlus  case  the  dikes  « 
represent  the  fissures,  which  were  filled  during  successive  e 
and  the  original  inclination  of  the  beds  may  have  been  increasat 
by  the  distension  and  upheaval  of  the  mass  daring  reiterated  eoa- 
vulsions,  acting  most  forcibly  at  or  near  the  channel  of  diacharpt 
which  would  become  partially  sealed  up  with  lava  from  time  to  tia^ 
and  then  be  burst  open  again  during  eruptions.  At  length  the  whak 
island  may  have  been  n^sed  bodily  out  of  the  sea  by  a  gradual  i^ 
ward  movement.  ■ 

Whatever  theory  we  adopt,  we  must  always  explain  the  abni|i 
termination  of  the  dikes  and  layers  of  trachyte  and  basalt  iQ  die  MMf 
walls  of  the  escarpments  surrounding  the  great  crater  by  snppoai^ 
the  removal  of  part  of  the  materials  once  prolonged  farther  invaid 
toward  the  centre.  If,  according  to  the  elevation-crater  hypothwi^ 
a  series  of  sheets  of  lava  and  ashes  originally  spread  over  a  levd 
and  even  surface  have  been  violently  broken  and  npUfted,  why  da 
not  the  opposite  walls  of  the  chasm  correspond  in  such  a  manMr  H 
to  imply  by  their  present  outline  that  they  were  formerly  n 
It  is  evident  that  the  precipices  on  opposite  sides  of  the  c 
hollow  would  not  fit  if  brought  together,  there  being  no  p  . 
masses  in  one  wall  to  enter  into  indentations  in  the  other,  as  wooU 
happen  with  the  sides  of  many  mineral  veins,  trap-dikes,  and  &ahi| 
could  we  extract  the  intrusive  matter  now  separating  iheni,  tti 
reunite  the  rocks  which  have  been  fractured  and  disjoined. 

The  highest  crater  of  the  peak  has  merely  disengaged  sol 
vapours  ever  since  it  has  been  known  to  Europeans ; 
happened  in  June,  1798,  not  far  from  the  summit,  and  othertan 

•  CompMs  Bendns  Acad.  ScL    Ari^  Jab^  ISM. 
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recorded,  which  poured  out  streams  of  lava  from  great  heights, 
besides  many  which  have  broken  out  nearer  the  level  of  the  sea.  All 
these,  however,  seem  to  be  dependent  on  one  great  cei^tre  of  eruption, 
or  on  that  open  channel  communicating  between  the  interior  of  the 
earth  and  the  atmosphere,  which  terminates  in  the  highest  crater  of 
the  peak. 

We  may  consider  Teneriffe,  then,  as  having  been  from  a  remote 
period  the  principal  and  habitual  vent  of  the  volcanic  archipelago  of 
the  Canaries.  The  discharges  which  have  taken  place  in  the  con- 
tiguous isles  of  Palma,  Lancerote,  and  the  rest,  may  be  of  a  subsidiary 
kind,  and  have  probably  been  most  frequent  and  violent  when  the 
greater  crater  has  been  partially  sealed  up,  just  as  the  violent  eruptions 
of  Ischia  or  that  of  Monte  Nuovo  coincided  with  the  dormant  state  of 
Vesuvius. 

SANTOBm. 

The  Gulf  of  Santorin,  in  the  Grecian  Archipelago,  has  been  for 
two  thousand  years  a  scene  of  active  volcanic  operations.  The  largest 
of  the  three  outer  islands  of  the  group  (to  which  the  general  name  of 
Santorin  is  given)  is  called  Thera  (or  sometimes  Santorin),  and  forms 
more  than  two-thirds  of  the  circuit  of  the  gulf  (see  Map,  fig.  63.,  p. 
442.).  The  length  of  the  exterior  coast-line  of  this  and  the  other  two 
islands  named  Therasia  and  Aspronisi,  taken  together,  amounts  to 
about  thirty  miles,  and  that  of  the  inner  coast-line  of  the  same  islands 
to  about  eighteen  miles.  In  the  middle  of  the  gulf  are  three  other 
islands,  called  the  Little,  the  New,  and  the  Old  '*  Kaimenis,"  or 
**  Burnt  Islands."  The  accompanying  map  has  been  reduced  from  a 
recent  survey  executed  in  1848  by  Captain  Graves,  B.  N.,  and  shortly 
to  be  published  by  the  Admiralty. 

Pliny  informs  us  that  the  year  186,  b.  c,  gave  birth  to  the  Old 
Saimeni,  also  called  Hiera,  or  the  "  Sacred  Isle,"  and  in  the  year  19 
of  our  era  "  Thia  '*  (the  Divine)  made  its  appearance  above  water, 
and  was  soon  joined  by  subsequent  eruptions  to  the  older  island,  from 
which  it  was  only  250  paces  distant.  The  Old  Kaimeni  also  increased 
successively  in  size  in  726  and  in  1427.  A  century  and  a  half  later, 
in  1573,  another  eruption  produced  the  cone  and  crater  called  Micra. 
Kaimeni,  or  *'  the  Small  Burnt  Island."  The  next  great  event  which 
we  find  recorded  occurred  in  1650,  when  a  submarine  outbreak  vio- 
lently agitated  the  sea,  at  a  point  three  and  a  half  miles  to  the  N.  E. 
of  lliera,  and  which  gave  rise  to  a  shoal  (see  A  in  the  map)  carefully 
examined  during  the  late  survey  in  1848  by  Captain  Graves,  and 
found  to  have  ten  fathoms  water  over  it,  the  sea  deepening  around  it 
in  all  directions.  This  eruption  lasted  three  months,  covering  the  sea 
with  floating  pumice.  At  the  same  time  an  earthquake  destroyed  many 
houses  in  Thera,  while  the  sea  broke  upon  the  coast  and  overthrew 
two  churches,  exposing  to  view  two  villages,  one  on  each  side  of  the 
mountain  of  St.  Stephen,  both  of  which  must  have  been  overwhelmed 
by  showers  of  volcanic  matter  during  some  previous  eruptions  of  un- 
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known  date.*  The  accompanying  evolution  of  sulphur  and  hydrogen 
issuing  from  the  sea  killed  more  than  fifty  persons,  and  above  1000 
domestic  animals.  A  wave,  also,  50  feet  high,  broke  upon  the  rocks 
of  the  Isle  of  Nia,  about  four  leagues  distant,  and  advanced  450  yards 
into  the  interior  of  the  Island  of  Sikino.  Lastly,  in  1707  and  1709, 
Nea-Kaimeni,  or  the  New  Burnt  Island,  was  formed  between  the  two 
others,  Palaia  and  Micra,  the  Old  and  Little  isles.  This  isle  was  com- 
posed originally  of  two  distinct  parts  ;  the  first  which  rose  was  called 
the  White  Island,  composed  of  a  mass  of  pumice^  extremely  porous. 
Groree,  the  Jesuit,  who  was  then  in  Santorin,  says  that  the  rock  **  cut 
like  bread,"  and  that,  when  the  inhabitants  landed  on  it,  they  found 
a  multitude  of  full-grown  fresh  oysters  adhering  to  it,  which  they 
ate.f  This  mass  was  afterwards  covered,  in  great  part,  by  the  matter 
ejected  from  the  crater  of  a  twin-island  formed  simultaneously,  and 
called  Black  Island,  consisting  of  brown  trachyte.  The  trachytic 
lava  which  rose  on  this  spot  appears  to  have  been  a  long  time  in  an 
intumescent  state,  for  the  New  Eaimeni  was  sometimes  lowered  on 
one  side  while  it  gained  height  on  the  other,  and  rocks  rose  up  in  the 
sea  at  different  distances  from  the  shore  and  then  disappeared  again. 
The  eruption  was  renewed  at  intervals  during  the  years  1711  and 
1712,  and  at  length  a  cone  was  piled  up  to  the  height  of  330  feet 
above  the  level  of  the  sea,  its  exterior  slope  forming  an  angle  of  33*^ 
with  the  horizon,  and  the  crater  on  its  summit  being  80  yards  in 
diameter.  In  addition  to  the  two  points  of  subaerial  eruption  on 
the  New  and  Little  Eaimenis,  two  other  cones,  indicating  the  sites  of 
submarine  outbursts  of  unknown  date,  were  discovered  under  water 
near  the  Kaimenis  during  the  late  survey. 

In  regard  to  the  "  White  Island,"  which  was  described  and  visited  by 
Goree  in  1707,  we  are  indebted  to  Mr.  Edward  Forbes  for  having,  in 
1842,  carefully  investigated  the  layer  of  pumiceous  ash  of  which  it  is 
constituted.  He  obtained  from  it  many  shells  of  marine  genera,  Pectun- 
culus.  Area,  Cardita,  Trochus,  and  others,  both  univalve  and  bivalve, 
all  of  recent  Mediterranean  species.  They  were  in  a  fine  state  of 
preservation,  the  bivalves  with  the  epidermis  remaining,  and  valves 
closed,  showing  that  they  had  been  suddenly  destroyed.  Mr.  Forbes, 
from  his  study  of  the  habits  of  the  mollusca  living  at  difi*erent  depths 
in  the  Mediterranean,  was  able  to  decide  that  such  an  assemblage  of 
species  could  not  have  lived  at  a  less  depth  than  220  feet,  so  that  a 
bodily  upheaval  of  the  mass  to  that  amount  must  have  taken  place 
in  order  to  bring  up  this  bed  of  ashes  and  shells  to  the  level  of  the 
sea,  and  they  now  rise  five  or  six  feet  above  that  level.) 

We  may  compare  this  partial  elevation  of  solid  matter  to  the  rise 
of  a  hardened  crust  of  scorise,  such  as  is  usually  formed  on  the  sur-> 
face  of  lava-currents,  even  while  they  are  in  motion,  and  which, 
although  stony  and  capable  of  supporting  heavy  weights,  may  be 
upraised  without  bursting  by  the  intumescence  of  the  melted  matter 

•  Yirlet,  Ball  de  la  Soc  GeoL  do  t  £.  Forbes,  Brit  Association,  Report 
France,  torn,  iii  p.  103.  for  1843. 
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below.  That  the  upheavftl  was  merely  local  is  proved  bj  the 
that  the  neighbouriog  Kaimenis  did  oot  partioipatQ  in  the  movfomfc 
Btill  less  the  three  more  distant  or  outer  islands  before  mentioiMdi 
The  history,  thereTore,  of  the  Kaimenis  shows  that  they  have  b«a 
the  result  of  intermittent  actiou,  and  it  lends  no  support  to  tin 
hypothesis  of  the  audden  distension  of  horizontal  beds  blown  up  UJa  i 
a  bladder  by  a  single  paroxysmal  eSbrt  of  expansive  gases. 

It  will  be  seen  by  the  accompanying  map  and  sectioos,  that  tbt 
Kaimenis  are  arranged  in  a  linear  direction,  running  N.E.  aod  ft  Wt 
ID  a  manner  different  from  that  represented  in  the  older  dmflE 
Xn  thdr  longest  diameter  they  form  at  their  base  a  ridge  neai^ 
bisecting  the  gulf  or  crater  (see  sections,  figs.  64,  65.). 

On  considering  these  facta  we  are  naturally  led  to  campai«  the 
smaller  and  newer  islands  in  the  centre  of  the  gulf  to  the  modan 
cone  of  Vesuvius,  surrounded  by  the  older  semicircular  esearpeaent 
of  Somma,  or  to  liken  them  to  the  Peak  of  Tencriffe  before  deaeribe^ 
u  surrounded  by  its  "fosse  and  bastion."  This  idea  will  iqipcarto 
bo  still  more  fully  confirmed  when  we  study  the  soundings  taken  dui^ 
ing  the  late  bydnigraphical  survey.  Thera,  which  oonaiitatea  aloaa 
more  than  two-thirds  of  the  outer  circuit,  presents  everywhere  towv^ 
the  gulf,  high  end  steep  precipices  composed  of  rocks  of  ndeaais 
origin.  In  all  places  near  the  base  of  its  clifis,  a  depth  of  from  900 
to  1000  feet  of  water  was  found,  and  Lieut.  Leycester  informs  us* 
that  if  the  gulf,  which  is  six  miles  in  diameter,  could  be  drained,  a 
bowl-shaped  cavity  would  appear  with  walb  2449  feet  high  in  soma 
places,  and  even  on  the  south-west  side,  where  it  is  lowest,  no  where 
less  than  1200  feet  high ;  while  the  Kaimenis  would  be  seen  to  fora 
in  the  centre  a  huge  mountain  five  and  a  half  miles  in  circumference 
at  its  base,  with  three  priucipal  sammiia  (the  Old,  the  New,  and  the 
Little  Burnt  Islands)  rising  severally  to  the  heights  of  1251,  162S, 
and  ]  158  feet  above  the  bottom  of  the  abyss.  The  rim  of  the  great 
cauldron  thus  exposed  would  be  observed  to  be  in  all  parts  perfect 
aod  unbroken,  except  at  one  point  where  there  is  a  deep  and  kag 
chasm  or  channel,  known  by  mariners  aa  "the  northern  entrance' 
(B,  fig.  63.)  between  Thera  andTherasia,  and  called  by  Lieut.  Ley- 
cester  "  the  door  into  the  crater."  It  is  no  less  than  1 170  feet  de^ 
and  constitutes,  as  will  appear  by  the  soundings  (see  map),  a  remark- 
able feature  in  the  bed  of  the  sea.  There  is  no  correepooding  channel 
passing  out  from  the  gulf  into  the  Mediterranean  at  any  other  poiat 
in  the  circuit  between  the  outer  islands,  the  greatest  depth  thera 
ranging  from  7  to  66  feet. 

We  may  conceive,  therefore,  if  at  some  former  time  the  whole  nM 
of  Santorin  stood  at  a  higher  level  by  1200  feet,  that  this  aingis 
ravine  or  narrow  valley  now  forming  "  the  northern  entrance^'  vai 
the  passage  by  which  the  sea  entered  a  ciroular  bay  and  swept  oat  ia 
the  form  of  mud  and  pebbles,  the  materials  derived  by  denudatioa 
from  wasting  clifTs.     In  this  manner  the  eriginal  crater  may  han 

*  See  s  pspcff  read  to  the  Qoograpbical  Society  bi  IM>. 
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been  slowly  widened  and  deepened,  after  which  the  whole  archi- 
pelago may  have  been  partially  submerged  to  its  present  depth. 

That  such  oscillations  of  level  may  in  the  course  of  ages  have  taken 
place,  win  be  the  more  readily  admitted  when  we  state  that  part  of 
Thera  has  actually  sunk  down  in  modern  times,  as,  for  example,  during 
the  great  earthquake  before  alluded  to^  which  happened  in  1660. 
The  subsidence  alluded  to  is  proved  not  only  by  tradition,  but  by  the 
fact  that  a  road  which  formerly  led  between  two  places  on  the  east 
coast  of  Thera  is  now  twelve  fathoms  under  water. 

MM.  Boblaye  and  Yirlet  mention  *,  that  the  waves  are  constantly 
undermining  and  encroaching  on  the  cliffs  of  Therasia  and  Aspro- 
nisi,  and  shoals  or  submarine  ledges  were  found  during  the  late 
survey,  to  occur  round  a  great  part  of  these  islands,  attesting  the 
recent  progreJto  of  denudation.  M.  Yirlet  also  remarks,  in  regard  to 
the  separation  of  the  three  islands  forming  the  walls  of  the  crater, 
that  the  channels  between  them  are  all  to  the  W.  and  N.W.,  the 
quarter  most  exposed  to  the  waves  and  currents. 

Mr.  Darwin,  in  his  work  on  volcanic  islands,  has  shown  that  in  the 
Mauritius  and  in  Santiago,  there  is  an  external  circle  of  basaltic  rocks 
of  vast  diameter,  in  the  interior  of  which  more  modem  eruptions  have 
taken  place,  the  older  rocks  dipping  away  from  the  central  space  in 
every  direction,  as  in  the  outer  islands  of  Santorin.  He  refers  the 
numerous  breaches,  some  of  them  very  wide  in  the  external  ramparts 
of  those  islands,  to  the  denuding  action  of  the  sea.  Every  geologist, 
therefore,  will  be  prepared  to  call  in  the  aid  of  the  same  powerful 
cause,  to  account  for  the  removal  of  a  large  part  of  the  rocks  which 
must  once  have  occupied  the  interior  space,  in  the  same  manner  as 
they  attribute  the  abstraction  of  matter  from  elliptical  *'  valleys  of 
elevation,"  such  as  those  of  Woolhope  and  the  Wealden  in  England, 
to  the  waves  and  currents  of  the  sea. 

Thera,  Therasia,  and  Aspronisi  are  all  composed  of  volcanic 
matter,  except  the  southern  part  of  Thera,  where  Mount  St  Elias 
rises  to  three  times  the  height  of  the  loftiest  of  the  igneous  rocks, 
reaching  an  elevation  of  1887  feet  above  the  sea.^  This  mountain 
is  formed  of  granular  limestone  and  argillaceous  schist,  and  must 
have  been  originally  a  submarine  eminence  in  the  bed  of  the  Me- 
diterranean, before  the  volcanic  cone,  one  side  of  the  base  of  which 
now  abuts  against  it,  was  formed.  The  inclination,  strike,  and 
fractures  of  the  calcareous  and  argillaceous  strata  of  St.  Elias  have 
no  relation  to  the  great  cone,  but,  according  to  M.  Bory  St.  Vincent, 
have  the  same  direction  as  those  of  the  other  isles  of  the  Grecian 
Archipelago,  namely,  from  N.N.W.  to  S.S.E.  Each  of  the  three 
islands,  Thera,  Therasia,  and  Aspronisi,  is  capped  by  an  enormous 
mass  of  white  tufaceous  conglomerate,  from  forty  to  fifty  feet  thick, 
beneath  which  are  beds  of  trachytic  lava  and  tuff,  having  a  gentle 
inclination  of  only  3®  or  4**.     Each  bed  is  usually  very  narrow  and 

♦  Bull  de  la  Soc.  GcoL  de  France,  f  Virlet,  Bull,  de  la  Soc.  GeoL  de 
tome  ill  France,  tome  ili.  p.  103. 
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diaoontinuotiB,  the  siiocesnTe  layers  being  moulded  or  dove-4ulc4  M 
H.  Tirist  expreMei  it,  into  the  inequalities  of  the  previonelj  exiitia| 
sartaice,  on  which  shovera  of  cinders  or  streams  of  melted  mstbtf 
have  been  poured.  Notiiing,  therefore,  seems  more  evident  than  tbil 
WQ  have  in  Santorin  the  basal  remains  of  a  great  ruined  oonr,  at 
flattened  dome ;  and  the  absence  of  dikes  in  the  cliffs  surrouading  tht 
galf  would  indicate  that  the  eruptions  took  place  originnllj,  as  tht; 
have  done  in  the  last  two  tfaoneand  years,  not  near  the  margin  bnl  it 
the  centre  of  the  space  now  occupied  b/  the  gulfl  The  central  fat- 
tioBB  of  the  dome  have  nnoe  been  removed  by  enguliineat,  or  denv^ 
tioii,  «r  by  both  theae  oansee. 

Ad  inptwtant  fact  ia  adduced  by  M.  Virlel^  te  aiww 
dip  of  the  lava-Btreoins  in  the  three  outer  iiUada  tomHa  all 
of  the  compass,  away  from  the  centre  of  the  gulf,  haa  bM  I 
the  upheaval  of  horizontal  beds,  as  conjectured  by  Von 
bad  not  visited  Santorin.*  Tlie  French  geob^iat  found  ihM  da 
vesicles  or  pores  of  the  Irachytic  mMses  were  lengthened  ant  in  tha 
several  directions  in  which  they  would  have  flowed  if  they  hi 
descended  from  the  axis  of  a  cone  once  occupying  the  centre  of  tka 
crater.  For  it  is  well  known  that  the  bubbles  of  conBned  gas  in  • 
fluid  in  motion  assume  an  oval  form,  and  the  direction  of  tbeir  longer 
axis  coincides  always  with  that  of  the  stream. 

On  a  review,  therefore,  of  all  the  fscts  now  brought  to  light  i^ 
specting  Santorin,  I  attribute  the  moderate  slope  of  the  beds  in  Then 
and  the  other  external  islands  to  tbeir  having  originally  descended 
the  inclined  flanks  of  a  large  volcanic  cone,  the  principal  orifice  or 
vents  of  eruption  having  been  always  situated  where  they  ar«  now,  in 
or  near  the  centre  of  the  apace  occupied  by  the  gulf  or  crater,  in  other 
words  where  the  outburst  of  the  Kaimenis  has  been  witnessed  in 
historical  time.<.  The  single  long  and  deep  opening  into  the  enter 
is  a  feature  common  to  all  those  remnants  of  ancient  volcano^  tha 
central  portions  of  which  have  been  removed,  and  is  probably  on- 
nected  with  aqueous  denudation.  This  denuding  process  has  been 
the  work  of  ages  when  the  sea  was  admitted  into  an  original  citler, 
and  has  taken  place  during  the  gradual  emergence  of  the  ialaod  Am 
the  ees,  or  during  varioua  oscillations  in  its  level. 

Tlie  volcanic  island  of  St.  Paul  in  the  midst  of  the  Indian  Oetu, 
lat.  3S°  44'  S.,  long.  77°  37'  E.,  surveyed  by  CapL  Blackwood  ia 
184^,  seems  to  exemplify  the  first  stage  in  the  formatioD  of  siiek  aa 
archipelago  as  that  of  Santorin.  We  have  there  a  crater  one  silala 
diameter,  surrounded  by  steep  and  lofty  cli&a  on  every  ude  save  oMt 
where  the  sea  enters  by  a  single  passage  nearly  dry  at  low  waM 
In  the  interior  of  (he  small  circular  bay  or  crater  there  ia  a  depth  rf 
30  fathoms  or  180  feet  The  surface  of  the  island  slopes  away  W  il 
sides  from  the  creat  of  the  rocks  encircling  the  cratar-t 

Barren  /tbnrf..— There  is  great  analogy  between  tha  atnietan  ft 

*  Pc^gcndoTfa    Annolen,    IB3 
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Barren  Island  in  the  Bay  of  Bengal,  lat.  12^  15',  and  that  of  San- 
torin  last  described.    When  seen  from  the  ocean,  this  island  preaenta. 


F!g.  6& 


Cone  and  crater  of  Barren  Island,  in  the  Bay  of  Bengal.    Height  of  the  central  cone  (accordinf 

to  Capt.  Miller,  in  1834),  500  feet. 

on  almost  all  sides,  a  surface  of  bare  rocks,  rising,  with  a  moderate 
acclivity,  towards  the  interior ;  but  at  one  point  there  is  a  cleft  by 
which  we  can  penetrate  into  the  centre,  and  there  discover  that  it  is 
occupied  by  a  great  circular  basin,  filled  by  the  waters  of  the  sea,  and 
bordered  ail  around  by  steep  rocks,  in  the  midst  of  which  rises  a  vol- 
canic cone,  very  frequently  in  eruption.  The  summit  of  this  cone  is 
about  500  feet  in  height,  corresponding  to  that  of  the  circular  border 
which  incloses  the  basin ;  so  that  it  can  be  seen  from  the  sea  only 
through  the  ravine.  It  is  most  probable  that  the  exterior  inclosure 
of  Barren  Island  (<?,  dy  fig.  67.)  is  nothing  more  than  the  remains  of  a 

Fig.  67. 


Supposed  section  of  Barren  Island,  in  the  Bay  of  Bengal.! 

truncated  cone,  c,  a,  6,  <f,  a  great  portion  of  which  has  been  removed 
by  engulfment,  explosion,  or  denudation,  which  may  have  preceded 
the  formation  of  the  new  interior  cone^  e,  gJ* 


MUD  V0LCAN08. 

Iceland. — Mr.  R.  Bunsen,  in  his  account  of  the  pseudo-yolcanic 
phyaoomena  of  Iceland,  describes  many  valleys  where  sulphurous  and 
aqueous  vapours  burst  forth  with  a  hissing  sound,  from  the  hot  soil 
formed  of  volcanic  tuff.  In  such  spots  a  pool  of  boiling  water  is  seen, 
in  which  a  bluish  black  argillaceous  paste  rises  in  huge  bubbles. 
These  bubbles  on  bursting  throw  the  boiling  mud  to  a  height  of 
fifteen  feet,  and  upwards  accunuilating  it  in  ledges  round  the  crater  or 
basin  of  the  spring. 

*  For  hci^t  of  cone  and  references,  see  Bnist,  Volcanos  of  India,  TraxA. 
Bombay  Geol  Soc  vol  x.  p.  143. 
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Baku  on  the  Caipiaa. — The  fonnstion  oft  new  mud  Tolcaimw* 
witnessed  on  the  27th  of  November,  1827,  at  Tokmali,  on  ih 
peninsula  of  Abscheron,  eut  of  Baku.  FUmes  blazed  up  to  a 
extroordinsry  hdght,  for  a  space  of  three  botm,  and  condnned  fi* 
twentj  boors  to  rise  about  three  feet  above  a  crater,  front  which  ml 
was  qected.  At  another  point  in  the  same  district  where  6anM 
iwDed,  fragments  of  rock  of  large  size  were  hurled  ap  into  the  ih 
and  scattered  around.* 

Sicify. — At  a  place  called  Macolnbo,  near  Girgenti  in  Sicily,  ■• 
aeveral  conical  moands  from  ten  to  thirty  feet  in  height,  with  laJi 
craters  at  thcdr  sommits,  from  which  cold  water,  mixed  with  mud  ui 
Wtnmea,  Is  cast  out.  Bubbles  of  carbonic  acid  and  carbnratHd 
hjdrc^en  gas  are  also  disengaged  from  these  springs,  and  nt  ceruii 
periods  with  such  violence,  as  to  throw  the  mod  to  the  height  d 
200  feet.  These  "  air  volcanos,"  as  they  are  sometimes  termed,  W 
known  to  have  been  in  the  same  state  of  activity  for  the  last  Altai 
oentnries ;  and  Dr.  Daubeny  imagines  that  the  gsaes  which  CM^t 
may  he  generated  by  the  slow  combustion  of  beds  of  ealphor,  whkt 
ia  actually  in  progress  in  the  blue  clay,  oat  of  which  the  springs  ri«-t 
But  as  the  gases  are  similar  to  those  disengaged  in  volcanic  eniptioni^ 
and  as  they  have  continjied  to  stream  out  for  so  long  a  period,  tli^ 
may  perhaps  be  derived  from  a  more  deep-seated  source. 


Minfi^C^RiARtaB.   (laMifip.sga.) 
*  Hnmbolilt'i  ComviM.  \  ^)u1i«dj,  Voknga,  p.  MT. 
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Bella  in  India, — In  the  district  of  Luss  or  Lus,  south  of  Beila, 
ibout  120  miles  N.W.  of  Cutch  and  the  mouths  of  the  Indus.  (See 
ilap,  fig.  71.  p.  460.),  numerous  mud  volcanos  are  scattered  over  an 
irea  of  probably  not  less  than  1000  square  miles.  Some  of  these  have 
)een  well  described  by  Captain  Hart,  and  subsequently  by  Captain 
ilobertson,  who  has  paid  a  visit  to  that  region,  and  made  sketches  of 
hem,  which  he  has  kindly  placed  at  my  disposal.  From  one  of  these 
he  annexed  view  has  been  selected.  These  conical  hills  occur  to  the 
westward  of  the  Hara  mountains  and  the  river  Hubb.  (See  Map, 
>.  460.)  One  of  the  cones  is  400  feet  high,  composed  of  light- 
;oloured  earth,  and  having  at  its  summit  a  crater  thirty  yards  in 
liameter.  The  liquid  mud  which  fills  the  crater  is  continually 
listurbed  by  air-bubbles,  and  here  and  there  is  cast  up  in  small  jets.** 

Mineral  composition  of  volcanic  products.  —  The  mineral  called 
elspar  forms  in  general  more  than  half  of  the  mass  of  modern  lavas. 
i¥hen  it  is  in  great  excess,  lavas  are  called  trachytic :  they  consist  gene- 
•ally  of  a  base  of  compact  felspar,  in  which  crystals  of  glassy  felspar 
ire  disseminated.^  When  augite  (or  pyroxene)  predominates,  lavas 
ire  termed  basaltic.  They  contain  about  50  per  cent,  of  silica,  or 
nuch  less  than  the  trachytes,  in  which  there  is  usually  about  75  per 
;ent.  of  that  mineral.  They  also  contain  about  1 1  per  cent,  of  protox- 
ide of  iron,  and  as  much  of  lime,  both  of  which  are  wanting,  or  only 
in  insignificant  quantities  in  the  trachytic  rocks.  J  But  lavas  occur  of 
an  intermediate  composition  between  the  trachytic  and  basaltic,  which 
from  their  colour  have  been  called  greystones.  The  abundance  of 
[quartz,  forming  distinct  crystals  or  concretions,  characterizes  the 
granitic  and  other  ancient  rocks,  now  generally  conifidered  by  geolo- 
gists as  of  igneous  origin  :  whereas  that  mineral  is  rarely  exhibited  in 
%  separate  form  in  recent  lavas,  although  silica  enters  so  largely  into 
their  composition.  Hornblende,  so  common  in  hypogene  rocks,  or  those 
commonly  called  ''primary,"  is  rare  in  modern  lava;  nor  does  it  enter 
largely  into  rocks  of  any  age  in  which  augite  abounds.  It  should, 
however,  be  stated,  that  the  experiments  of  Mr.  Gustav  Rose  have 
made  it  very  questionable,  whether  the  minerals  called  hornblende 
md  aogite  can  be  separated  as  distinct  species,  as  their  different 
varietlee  seem  to  pass  into  each  other,  whether  we  consider  the  cha- 
m^ien  derived  from  their  angles  of  crystallization,  their  chemical  com- 
pIMitieifj  or  their  specific  gravity.  The  difference  in  form  of  the  two 
•tilfeliilpces  may  be  explained  by  the  different  circumstances  under 
RrUA  ihey  have  been  produced,  the  form  of  hornblende  being  the 
rellll'df  dower  cooling.  Crystals  of  augite  have  been  met  with  in  the 
Wta^  of  furnaces,  but  never  those  of  hornblende ;  and  crystals  of 
an^^  bavebeen  obtained  by  melting  hornblende  in  a  platina  crucible ; 
but  iKifiibtende  itself  has  not  been  formed  artificially.§     Mica  occurs 

*  See  Boiflt,  Volcanos  of  India,  Trans.  t  See  Glossary. 

Bombsy  GeoL  Soc.  vol.  x.  p.  154.,  and  J  Bunsen,  Volcanic  Rocks  of  Iceland 

Daptain  Robertson,  Jonm.  of  Roy.  Asiat.  §  Bulletin  de  la  Soc.  Geol.  de  "Et^svi^ 

loc.  1850L  torn.  ii.  p.  206. 
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plentifullj  in  some  recent  trachytes,  but  is  rarelj  present  what 
augite  is  in  excess. 

Frequency  of  erupHonSj  and  nature  of  subterranean  igneous  roeh 
—  AVhen  we  speak  of  the  igneous  rocks  of  our  own  times,  we  mev 
that  small  portion  which,  in  violent  eruptions,  is  forced  up  hj  ebilie 
fluids  to  the  surface  of  the  earth,  —  the  sand,  scorise,  and  lava,  wkuch 
cool  in  the  open  air.  But  we  cannot  obtain  access  to  that  which  v 
congealed  far  beneath  the  surface  under  great  pressure,  equal  to  thil 
of  manj  hundred,  or  manj  thousand  atmospheres. 

During  the  last  ccnturj,  about  fifty  eruptions  are  recorded  of  the 
five  European  volcanic  districts,  of  Vesuvius,  Etna,  Volcano,  SantoriAi 
and  Iceland  ;  but  many  beneath  the  sea  in  the  Grecian  archipelago  and 
near  Iceland  may  doubtless  have  passed  unnoticed.  If  some  of  thea 
produced  no  lava,  others,  on  the  contrary,  like  that  of  Skaptar  Jokol, 
in  1783,  poured  out  melted  matter  for  five  or  six  years  consecutively; 
which  cases,  being  reckoned  as  single  eruptions,  will  compensate  tor 
those  of  inferior  strength.  Now,  if  we  consider  the  active  volcano! 
of  Europe  to  constitute  about  a  fortieth  part  of  those  already  know 
on  the  globe,  and  calculate  that,  one  with  another,  they  are  aboot 
equal  in  activity  to  the  burning  mountains  in  other  districts,  we  mrr 
then  compute  that  there  happen  on  the  earth  about  2000  erupiiu"? 
in  the  course  of  a  century,  or  al)out  twenty  every  year. 

However  incon>i(lerable,  therefore,  may  be  the  ^iiperfuinl  r-   '^• 
which  the  operations  of  fire  produce  on  the  .suriaoe,  we  nm-t  snj;*  • 
the  subterranean  chanLrc3  now  constantly  in  proprrt-ss  to  K»  <  n  :- 
grandest  scale.     The  loftiest  volcanic  cones  must  be  as  insi;:jniti.-ri'. 
when  contrasted  to  the  products  of  fire  in  the  nether  re;rions,  a-  .:» 
the  deposits  formed  in  shallow  estuaries  when  compared  to  submiiri'; 
formations  accumulatini^  in  the  abysses  of  the  ocean.     In  r«'i:;::l: 
the  characters  of  these  volcanic  rocks,  formed  in  our  own  timtr*  !". 
the  bow«'ls  of  the  earth,  whether  in  n-nts  and  caverns,  or  bv  : 
cooling  of  lakes  of  melted  Iav:i,  we  may  safely  infer  that  the  r.<  :*• 
are  heavier  and  less  porous  than  ordinary  lavas,  and  m<»ri'  crvstLli:  . 
although  conJi)osed  of  the  sauK^  mineral  ingredients.     A-?  the  h:ir-!-?t 
crystals  produced    art ifn.'i ally  in  the  laboratory  n-quire  the  1"".  •■ 
time  for  their  formation,  so  wo  must  suppose?  that  where  tin*  i ■"•!.:: 
down  of  melted    matter   takes  place  by  insensilde    di'iin-os,  in  :''■ 
course  of  ages,  a  variety  of  minerals  will  be  j)rodueL'd  f.ir  liirJ-" 
than  any  formed  by  natural    processes  within  the  sliorl    jorioil  ^i 
liuman  observation. 

Tiiese  subti'rranean  volcanic  rock?,  moreover,  cannot  be  Mrnti»  i 
in  the  same  manm^r  as  sedinu^ntary  d«*posit«»  trom  water,  alth-."!:::*  i 
is  evident  that  when  great  masses  consolidate  from  a  slate  **l  fusi.r. 
they  may  separate  into  natural  divisions  :  for  this  is  seen  to  U*  *»•' 
case  in  many  lava-currents.  We  may  also  expect  that  the  nvN*  ■ 
question  will  often  be  nnt  by  earthquakes,  since  these  an*  coni"i  ' 
in  volcanic  rcirions;  and  the  iissures  will  he  <»f!en  inieote*!  *»•■ 
similar  matter,  so  that  dike-i  of  crystalline  rock  will  traverse  ira-^* 
of  similar  com\>osi'\l*\ou.     Vl  \*  wUo  clear,  tliat  no  organic  rimain»»'43 
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be  included  in  such  masses,  as  also  that  these  deep-seated  igneous 
formations  considered  in  mass  must  underlie  all  the  strata  containing 
organic  remains,  because  the  heat  proceeds  from  below  upwards,  and 
the  intensity  required  to  reduce  the  mineral  ingredients  to  a  fluid 
state  must  destroy  all  organic  bodies  in  rocks  included  in  the  midst 
of  them. 

If  by  a  continued  series  of  elevatory  movements,  such  masses  shall 
hereafter  be  brought  up  to  the  surface,  in  the  same  manner  as 
sedimentary  marine  strata  have,  in  the  course  of  ages,  been  upheaved 
to  the  summit  of  the  loftiest  mountains,  it  is  not  difficult  to  foresee 
what  perplexing  problems  may  be  presented  to  the  geologist.  He  may 
then,  perhaps,  study  in  some  mountain-chain  the  very  rocks  produced 
at  the  depth  of  severaUmiles  beneath  the  Andes,  Iceland,  or  Java,  in 
the  time  of  Leibnitz,  and  draw  from  them  the  same  conclusion  which 
that  philosopher  derived  from  certain  igneous  products  of  high  an- 
tiquity ;  for  he  conceived  our  globe  to  have  been,  for  an  indefinite 
period,  in  the  state  of  a  comet,  without  an  ocean,  and  uninhabitable 
alike  by  aquatic  or  terrestrial  animals. 


CHAPTER  XXVIL 

EARTHQUAKES  AND  THEIR  EFFECTS. 

Karthquakcs  and  their  effects — Deficiency  of  ancient  accounts — Ordinary  atrno* 
spheric  phenomena— Changes  produced  by  earthquakes  in  modern*  times  con* 
sidered  in  chronological  order — Earthquake  in  Syria,  1837  —  Earthquakes  in 
Chili  in  1837  and  1835— Isle  of  Santa  Maria  raised  ton  feet  — Chili,  1822  — 
Kxtent  of  country  elevated — Aleppo  and  Ionian  Isles — Earthquake  of  Cutch 
in  1819  —  Subsidence  in  the  Delta  of  the  Indus — Island  of  Sumbawa  in  1815 
— Earthquake  of  Caraccas  in  1812 — Shocks  at  New  Madrid  in  181 1  in 
the  valley  of  the  Mississippi — Aleutian  Islands  in  1806 — Reflections  on  the 
earthquakes  of  the  nineteenth  century — Earthquake  in  Quito,  Quebec,  &c  — 
Java,  1786  —  Sinking  down  of  large  tracts. 

In  the  sketch  before  given  of  the  geographical  boundaries  of  volcanic 
regions,  I  stated,  that  although  the  points  of  eruption  are  but  thinlj 
scattered,  constituting  mere  spots  on  the  surface  of  those  vast  dis- 
tricts, yet  the  subterranean  movements  extend  simultaneously  over 
immense  areas.  We  may  now  proceed  to  consider  the  changes  which 
these  movements  produce  on  the  surface,  and  in  the  internal  structure 
of  the  earth's  crust. 

Deficiency  of  ancient  accounts, —  It  is  only  within  the  last  century 
and  a  half,  since  Hooke  first  promulgated,  in  1688,  his  views  respect- 
ing the  connection  between  geological  phenomena  and  earthquakes, 
that  the  permanent  changes  effected  by  these  convulsions  have  excited 
sttentlon«    Before  that  time,  the  narrative  of  the  hisionau  ivai^  c^moi^ 
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escluiivel;  contlneil  to  the  number  of  liuinan  beings  who  peririu 
iha  number  of  cities  laid  in  ruins,  llie  value  of  property  de«troj«4 
certuin  alQiospheric  appeanuices  wLicli  dazzled  ur  terrified  the  < 
servere.  The  creation  of  a  new  lake,  the  engulphiag  of  a  cjiy, « 
ihe  raising  of  a  new  ieland,  are  Eoiuelimes,  it  is  true,  uiivcrted  la, 
being  too  obvious,  or  of  too  much  geographical  or  puUticnl  intoi 
to  be  passed  oTer  in  silence.  But  no  researches  were  mudo  expfOi^ 
with  a  view  of  ascertaining  the  amount  of  depresuon  or  eI«vUiM< 
the  ground,  or  anj  particular  alterations  in  the  relative  pouttM  < 
sea  and  land  ;  and  verj  little  distinction  was  made  betweoB  tht  ni 
ing  of  Boil  b;  volcanic  ejections,  and  the  upheaving  of  it  by  Im 
acting  from  below.  Tha  eamo  remark  applies  to  a  very  larg4  p 
portion  of  modern  accounts  :  and  how  much  reason  we  bave  to  np 
this  delicieucy  of  inrortDation  appears  from  this,  that  in  every  iiuUB 
where  a  spirit  of  scientific  inquiry  has  animated  the  eye-witnM*Mi 
tliose  events,  facts  calculated  lo  throw  light  on  former  modifieatia 
of  tlie  earth's  structure  are  recorded. 

Phenomena  attending  earthquakes.  —  As  I  sliall  coaCne 
almost  entirely,  in  the  following  notice  of  earthquakva, 
changes  brought  about  by  them  in  the  conGguration  of  th«  cvtkll 
crust,  I  may  mention,  generally,  some  accompauimeula  of  tin 
terrible  events  which  are  almost  uniformly  commemorated  in  hUti'i 
that  it  may  be  unnecessary  to  advert  to  them  again.  Irregulaniics 
in  the  seasons  preceding  or  following  the  shociis;  sudden  gusts  «f 
wind,  interrupted  by  dead  calms )  violent  rains  at  unusual  seuon^ 
ur  in  countries  where  such  phenomena  are  almost  unLnowD ;  ■ 
reddening  of  the  sun's  disk,  and  a  haziness  in  ibe  air,  often  cootinaed 
for  months;  an  evolution  (if  electric  matter,  or  of  inSammnUe  fM 
from  the  soil,  with  sulphurous  and  mephitic  vapours;  noises  ondrt^ 
ground,  like  the  running  of  carriages,  or  the  discharge  of  anillerj,  or 
distant  thunder  ;  animals  uttering  cries  of  distress,  and  eviaanf;  ei* 
traordinary  alarm,  being  more  sensitive  than  men  of  the  sUgbWI 
movement  ;  a  sensation  like  sea-sickness,  and  a  dizziness  in  tfae  head, 
experienced  by  men:  —  these,  and  other  phenomena,  )e»s  oonoKUt 
with  our  present  subject  as  geologists,  have  recurred  again  and  ■{*>> 
at  distant  ages,  and  in  all  parts  of  the  globe. 

I  shall  now  begin  the  enumeration  of  earthquakes  with  the  UK*t 
authentic  narratives,  and  so  carry  hack  the  survey  retrospecbTcljV 
that  I  may  bring  before  the  reader,  in  the  Qrst  place,  the  minute  aad 
ctrcumstaottal  details  of  modern  times,  and  thus  enable  liira,  bjr  ab> 
serving  the  extraordinary  amount  of  change  within  the  Ust  150  ystn* 
to  perceive  how  great  must  be  ihe  di;l)cicncy  in  the  uieagro  anoal*  tf 
earlier  eras. 

SARTHQCAKES  OF  THE  SIXETSEKTII   CENTtTKr." 

Syria,  January,  1837-  —  It  has  been  remarked  lliat  cnrtbqMkll 
aSi'i:K  elongated  areas.     The  violent  shock  which  detastalvd  Sytiaii 
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837  was  felt  on  a  line  500  miles  in  length  bj  90  in  breadth'^: 
lore  than  6000  persons  perished ;  deep  rents  were  caused  in  solid 
ocks,  and  new  hot  springs  burst  out  at  Tabereah. 

Chili —  Valdivia,  1837.  —  One  of  the  latest  earthquakes  by  which 
lie  position  of  solid  land  is  known  to  have  been  permanently  altered 
J  that  which  occurred  in  Chili,  on  November  7th,  1837.  On  that 
ay  Valdivia  was  destroyed  by  an  earthquake,  and  a  whaler,  com- 
landed  by  Captain  Coste,  was  violently  shaken  at  sea,  and  lost  her 
lasts,  in  lat.  43°  38'  8.  in  sight  of  the  land.  The  captain  went  on 
he  11th  of  December  following  to  a  spot  near  the  island  of  Lemus, 
ne  of  the  Chonos  archipelago,  where  he  had  anchored  two  years 
>efore,  and  found  that  the  bottom  of  the  sea .  had  been  raised  more 
han  eight  feet.  Some  rocks  formerly  covered  at  all  times  by  the 
ea  were  now  constantly  exposed,  and  an  enormous  quantity  of  shells 
nd  fish  in  a  decaying  state,  which  had  been  thrown  there  by  the 
raves,  or  suddenly  laid  dry  during  the  earthquake,  attested  the  recent 
ate  of  the  occurrence.     The  whole  coast  was  strewed  with  uprooted 

rees.  t 

Chili —  Conception,  1835.  — Fortunately  we  have  a  still  more  de- 
ailed  account  of  the  geographical  changes  produced  in  the  same 
ountry  on  the  20th  of  February,  1835.  An  earthquake  was  then 
sit  at  all  places  between  Copiapo  and  Chiloe,  from  north  to  south, 
nd  from  Mendoza  to  Juan  Fernandez,  from  east  to  west.  "Vessels," 
ays  Mr.  Caldcleugh,  "navigating  the  Pacific,  within  100  miles  of  the 
oast,  experienced  the  shock  with  considerable  force."  J  Conception, 
Talcahuano,  Chilian,  and  other  towns  were  thrown  down.  From  the 
ccount  of  Captain  Fitz  Roy,  R.N.,  who  was  then  employed  in  sur- 
eying  the  coast,  we  learn  that  after  the  shock  the  sea  retired  in  the 
^ay  of  Conception,  and  the  vessels  grounded,  even  those  which  had 
een  lying  in  seven  fathoms  water :  all  the  shoals  were  visible,  and 
oon  afterwards  a  wave  rushed  in  and  then  retreated,  and  was  followed 
y  two  other  waves.  The  vertical  height  of  these  waves  does  not 
ppear  to  have  been  much  greater  than  from  sixteen  to  twenty  feet, 
Ithough  they  rose  to  much  greater  heights  when  they  broke  upon  a 
loping  beach. 

According  to  Mr.  Caldcleugh  and  Mr.  Darwin,  the  whole  volcanic 
hain  of  the  Chilian  Andes,  a  range  150  miles  in  length,  was  in  a  state 
f  unusual  activity,  both  during  the  shocks  and  for  some  time  pre- 
edlng  and  after  the  convulsion,  and  lava  was  seen  to  fiow  from  the 
rater  of  Osomo.   (See  Map,  fig.  69.)   The  island  of  Juan  Fernandez, 

ew  principle,  I  cannot  insert  them,  as  Earthquakes,  Trans.  Roy.  Irish  Acad. 

ley  woold  enlarge  too  much  the  size  of  1846  ;   and    art    **  Earthquakes,"   Ad- 

ly  work.    The  late  Von  Hoff  published  miralty   Manual,   1849;  also  Hopkins* 

•om  time  to  time,  in  Poggendorf  *s  An-  Report,  Brit.  Assoc.  1847-8. 

■len,  lists  of  earthquakes  which  hap-  *  Darwin,  Qcol.  Proceedings,  toL  ii. 

ened  between  1821  and  1836  ;  and,  bj  p.  658. 

Mwolting  these,  the  reader  will  perceive  f  Dumoulin,    Comptes    Rendns    de 

lat  every  month  is  signalized  by  one  I'Acad.  des  ScL  Oct  1838,  p.  706. 

r  numy  convulsions  in  some  part  of  the  %  PhlL  Trans.  1836,  p.  2\. 

lobe.     See  also  Mallet's  Dynamics  of 
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distant  365  geographical  miles  from  Chili,  was  violentlj  shakea  rt  ^ 
aame  time,  and  deTastat«d  b;  a  great  waTe.  A  ■(■bmariiie  TOkM 
broke  out  there  Dear  Bacalao  Head,  about  a  mile  from  tbc  lb<X4  ■* 
■iztf'iiine  fathoms  water,  and  illumined  the  whole  island  dubf  ^ 
night.* 

•  ■?\ia.'ttti*.\w*.  -  - 
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"  At  Conception,"  says  Captain  Fitz  Roy,  "  the  earth  opened  and 
closed  rapidly  in  numerous  places.  The  direction  of  the  cracks  was 
not  uniform,  though  generally  from  south-east  to  north-west.  The 
earth  was  not  quiet  for  three  days  after  the  great  shock,  and  more 
than  300  shocks  were  counted  between  the  20th  February  and  the  4th 
of  March.  The  loose  earth  of  the  valley  of  the  Biobio  was  everywhere 
parted  from  the  solid  rocks  which  bound  the  plain,  there  being  an 
opening  between  them  from  an  inch  to  a  foot  in  width. 

Fig.  70. 
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"  For  some  days  after  the  20th  of  February,  the  sea  at  Talcahuano,'* 
says  Captain  Fitz  Roy,  ''  did  not  rise  to  the  usual  marks  by  four  or 
five  feet  vertically.  When  walking  on  the  shore,  even  at  high  water, 
beds  of  dead  mussels,  numerous  chitons,  and  limpets,  and  withered 
sea-weed,  still  adhering,  though  lifeless,  to  the  rocks  on  which  they 
bad  lived,  everywhere  met  the  eye."  But  this  difference  in  the  re- 
lative level  of  the  land  and  sea  gradually  diminished,  till  in  the  middle 
of  April  the  water  rose  again  to  within  two  feet  of  the  former  high- 
water  mark.  It  might  be  supposed  that  these  changes  of  level  merely 
indicated  a  temporary  disturbance  in  the  set  of  the  currents  or  in  the 
height  of  the  tides  at  Talcahuano  ;  but,  on  considering  what  occurred 
in  the  neighbouring  island  of  Santa  Maria,  Captain  Fitz  Roy  con- 
daded  that  the  land  had  been  raised  four  or  five  feet  in  February,  and 
that  it  had  returned  in  April  to  within  two  or  three  feet  of  its  former 
level. 

Santa  Maria,  the  island  just  alluded  to,  is  about  seven  miles  long 
and  two  broad,  and  about  twenty-five  miles  south-west  of  Conception. 
(See  Map,  fig.  70.)    The  phenomena  observed  there  are  iaoa\.  \TO:^"t- 
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iBUt.  "Iia[>pcareJ,"aaj-3  Captain  FitzRoy,  who  visited  Sttnlalkkni 
Iwit^c,  tlio  6rst  time  at  tlie  end  of  March,  oDii  aftcrwartls  in  tb«  be 
gluuing  or  April,  "thut  tbe  southern  extremity  ol' the  island  Iiadlita 
niaed  eight  feet,  the  middle  nine,  and  the  northern  end  upwaidxf 
ten  feel.  On  steep  rocks,  where  vertical  meajjures  could  bo  comtdj 
token,  bcdfl  of  dead  muaaela  were  found  ten  feet  above  high-waMr 
mark.  One  loot  lower  than  the  highest  bed  of  mussels,  a  f«w  litnpcU 
and  chitons  were  seen  adhering  to  the  rock  where  they  had  gnwai 
Two  ftct  lower  tlian  the  same,  dead  mussels,  ehiums,  and  limpets  wtm 
Abundant. 

"  An  extensive  rocky  flat  lies  around  the  northern  parts  of  SodH 
2Iaria.  Before  the  earthquake  this  flat  was  covered  by  the  aea,  mw 
projecting  rocks  only  Bhowing  themselves.  Now,  the  whole  fltl  ii 
exposed,  and  square  acres  of  it  are  covered  with  dead  shell-Gsb,  tin 
Blench  arising  from  which  ia  ahominable.  By  this  elevation  ot  At 
land  the  southern  port  of  Santa  Maria  has  been  olmast  destroyeJi 
Utile  shelttr  remaining  (here,  and  very  bad  landing."  The  surrouwl- 
ing  eea  is  also  stated  to  have  become  shallower  in  exactly  ihc  ww 
proportion  as  the  land  had  risen  ;  the  soundings  having  dimiuishtds 
fathom  and  a  half  everywhere  around  the  island. 

At  Tubal,  also,  to  the  south-east  of  Santa  Maria,  the  land  «■* 
raised  six  feet,  iit  Hocha  two  feet,  but  no  elevation  could  be  atc^' 
lained  at  Valdivia. 

Among  other  effects  of  the  catastrophe,  it  is  stated  that  cattle  ttind- 
ing  on  a  sleep  slope,  near  the  shore,  were  rolled  down  into  tlie  ie*. 
and  uiajiy  others  were  wusIilJ  olf  by  the  great  wave  from  low  lanJ 
and  drowned,* 

In  November  of  the  same  year  (1835),  Conception  was  shaken  by 
a  severe  earthquake,  and  on  the  same  day  Osorno,  at  the  distance  oS 
400  miles,  renewed  its  activity.  These  facts  prove  not  only  the  coo- 
necli on  of  earthquakes  with  volcanic  eruptions  in  this  region,  but  also 
the  vast  extent  of  the  subterranean  areas,  over  which  the  distorbing 
cause  acts  simultaneously. 

Ischia,  1828.  — On  the  2nd  of  February  the  whole  island  of  IscUa 
was  shaken  by  an  earthquake,  and  in  the  October  foUowiog  I  found 
all  the  hou^s  in  Casamicciul  still  without  their  roofs.  On  thendeaof 
a  ravine  between  thut  town  and  Forio,  I  saw  masses  of  greenish  toff 
which  had  been  thrown  down.  The  hot-spring  of  Rita,  which  wM 
nearest  the  centre  of  the  movement,  was  ascertained  by  M.  Covelli  » 
have  increased  in  temperature,  showing,  as  he  observes,  that  tbt 
explosion  took  place  below  the  leservoira  which  heat  the  tbennal 
wnters.f 

.Bogota,  1S27.— On  the  16th  of  November,  1S27,  the  plainof  Bogota 
in  New  Granada,  or  Colombia,  was  convulsed  by  an  earthquake,  tai 
a  great  number  of  towns  were  thrown  down.  Torrents  of  r«n  cweUwl 
the  Magdalena,  sweeping  along  vast  quantitiea  of  mud  and  otbtr 

f  DiblioCb.  Univ.  Oct.  18S8,  pi.  IM. 
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substances,  which  emitted  a  sulphurous  vapour  and  destroyed  the 
fish.  Popayan,  which  is  distant  200  geographical  miles  S.S.W.  of 
Bogota,  suffered  greatly.  Wide  crevices  appeared  in  the  road  of 
Guanacas,  leaving  no  doubt  that  the  whole  of  the  Cordilleras  sustained 
a  powerful  shock.  Other  fissures  opened  near  Costa,  in  the  plains  of 
Bogota,  into  which  the  river  Tunza  immediately  began  to  flow.*  It 
is  worthy  of  remark,  that  in  all  such  cases  the  ancient  gravel  bed  of 
a  river  is  deserted,  and  a  new  one  formed  at  a  lower  level ;  so  that  a 
want  of  relation  in  the  position  of  alluvial  beds  of  the  existing  water- 
courses may  be  no  test  of  the  high  antiquity  of  such  deposits,  at  least 
in  countries  habitually  convulsed  by  earthquakes.  Extraordinary 
rains  accompanied  the  shocks  before  mentioned ;  and  two  volcanos 
are  said  to  have  been  in  eruption  in  the  mountain-chain  nearest  to 
Bonrota. 

Chili,  1822.  — On  the  19th  of  November,  1822,  the  coast  of  Chili 
was  visited  by  a  most  destructive  earthquake.  The  shock  was  felt 
simultaneously  throughout  a  space  of  1200  miles  from  north  to  south. 
St  Jago,  Valparaiso,  and  some  other  places,  were  greatly  injured. 
When  the  district  round  Valparaiso  was  examined  on  the  morning 
after  the  shock,  it  was  found  that  the  coast  for  a  considerable  dis- 
tance was  raised  ubove  its  former  level  .f  At  Valparaiso  the  elevation 
was  three  feet,  and  at  Quintero  about  four  feet.  Part  of  the  bed 
of  the  sea,  says  Mrs.  Graham,  remained  bare  and  dry  at  high  water, 
'^with  beds  of  oysters,  mussels,  and  other  shells  adhering  to  the  rocks 
on  which  they  grew,  the  fish  being  all  dead,  and  exhaling  most 
offensive  effluvia. "J 

An  old  wreck  of  a  ship,  which  before  could  not  be  approached, 
became  accessible  from  the  land,  although  its  distance  from  the 
original  seashore  had  not  altered.  It  was  observed  that  the  water- 
course of  a  mill,  at  the  distance  of  about  a  mile  from  the  sea,  gained 
a  fall  of  fourteen  inches,  in  little  more  than  one  hundred  yards ;  and 
from  this  fact  it  is  inferred  that  the  rise  in  some  parts  of  the  inland 
country  was  far  more  considerable  than  on  the  borders  of  the  ocean.  § 
Part  of  the  coast  thus  elevated  consisted  of  granite,  in  which  parallel 
fissures  were  caused,  some  of  which  were  traced  for  a  mile  and  a  half 
inland.  Cones  of  earth  about  four  feet  high  were  thrown  up  in 
several  districts,  by  the  forcing  up  of  water  mixed  with  sand  through 
funnel-shaped  hollows, — a  phenomenon  very  common  in  Calabria, 
and  the  explanation  of  which  will  hereafter  be  considered.  Those 
houses  in  Chili  of  which  the  foundations  were  on  rock  were  less 
damaged  than  such  as  were  built  on  alluvial  soil 

Mr.  Cruickshanks,  an  English  botanist,  who  resided  in  the  country 
during  the  earthquake,  has  informed  me  that  some  rocks  of  greenstone 
at  Quintero,  a  few  hundred  yards  from  the  beach,  which  had  always 
been  under  water  till  the  shock  of  1822,  have  since  been  uncovered 

•  Phil.  Mag.  July,  1828,  p.  37.  1  GeoL  Trans,  vol.  i.  2nd  ser.  p.  415. 

t  Geol  Trans,  vol.  I  2nd  ser.,  and        §  Joum.  of  Sd.  voL  xviL  p.  42. 
Jonm.  of  ScL  1824,  toL  xvil  p.  40. 
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u'i>en  the  tiiJe  is  at  lialf-ebb ;  and  he  states  that,  nfier  the  eartliquibk 
it  was  the  general  bt^licf  of  the  fishei-men  and  inhabitants  of  tic 
Chilian  const,  not  that  the  land  had  TtKa,  but  that  the  ooeaa  M 
pennancntly  retreated. 

Dr.  Meyen,  a  Prussian  traveller,  who  visited  ValpflniiM  in  1831. 
pays  that  on  examining  the  rocks  both  north  and  Boutli  of  tbe  umtk, 
nine  years  after  tbe  event,  he  found,  in  corrobomiion  of  Ha 
Grahom'a  account,  that  remains  of  aniniaU,  and  sea-wewi,  the  t^nomk 
of  Bory  de  St.  Vincent,  which  has  a  firm  ligneous  stem,  still  adlitnl 
to  those  rocks  which  in  1822  had  been  elevated  above  high-«iUr 
mark.'  According  to  the  same  author,  the  whole  coast  of  0(bwJ 
Chili  was  raised  about  four  feel,  nnd  banks  of  marine  shelli  »«» 
laid  dry  on  many  parts  of  the  coaat.  He  observed  aimilar  huakt, 
elevated  at  unknown  periods,  in  sevefal  places,  especially  at  Cnpiif^ 
where  the  species  all  agree  with  those  now  living  in  the  (Kc«n.  Jit 
Freyer  also,  who  resided  some  years  in  South  America,  has  ooaflrinM 
these  statements  f;  and  Mr.  Darwin  obtained  evidence  tliat  tlie  I*- 
mainsof  an  ancient  wall,  formerly  washed  by  the  sea,  and  now  ll| 
feet  above  high-water  mark,  acquired  several  feet  of  tbb  aalditkoa 
elevation  during  the  earthquake  of  1822.J 

'ITic  shoeks  continued  up  to  the  end  of  September,  1823;  tim 
then,  forty-eight  hours  seldom  pnssed  without  one,  and  somctiiaM 
two  or  three  were  felt  during  twenty-four  hours.  Mr».  Grafa*n 
observed,  after  the  earthquake  of  1822,  that  besides  a  beach  aewlj 
raised  above  high-water  mark,  there  were  several  older  elevated  liiw* 
of  beach,  one  above  the  other,  consinting  of  shingle  mixed  with  Adii 
extending  in  a  parallel  direction  to  the  shore,  to  the  height  of  fifty  f«* 
above  the  sea.  § 

£xleiil  of  tounlTi/  elevalrrl. — By  some  observers  it  has  bc« 
supposed  thntthe  whole  country  from  the  foot  of  the  Andes  to  Kgnii 
distance  under  the  sea  was  upraised  in  1623,  the  greatest  riae  bnin! 
at  the  distance  of  about  two  miles  from  the  shore.  "  The  rise  upi* 
the  coast  was  from  two  to  four  feet: — at  the  distance  uf  a  mile  inlu^ 
it  must  have  been  from  five  to  six  or  seven  feet."!]  It  has  also  bcra 
conjectured  by  the  same  eye-witnesses  to  the  convulsion,  that  tbe 
area  over  which  this  permanent  alteration  of  level  extended  tKj 
have  been  equal  to  100,000  square  miles.  Although  tbu  iocrsaie^ 
fall  of  certain  wafer-courses  may  have  afforded  some  ground  fur  tl>i> 
conjecture,  it  must  be  considered  as  very  hypothetical,  and  thecstiiiMl> 
may  have  exceeded  or  greatly  fallen  short  of  the  truth.  It  a*y 
nevertheless  be  useful  to  reflect  on  the  enormous  amount  of  ehfp 
which  this  single  convulsion  occasioned,  if  the  extent  of  coBntrr 
moved  upward  really  amounted  to  100,000  square  miles, — an  exieo! 
just  equal  to  half  the  area  of  France,  or  about  five  sixths  of  ll>* 

•  H«Lm  um  die  Erde ;  ud  (ca  I>r.         (  Vrwixd.  G«J.  Sot  vol  i  p.  WJ- 

Ueyeii'i  Ictti^r  ciWd  Fiireign  Qiuirt.  l!oV.         §  Gi»)L  Trans.  vrJ.  i.  Snil  mn.  f.  *•» 

No.  sa;  p.  13,  1836.  g  Joumal  of  Sd«n«,  ml  xm  IP 

f  Ond.  Soc.  Proceeding*,    No.  xL    40.41. 
p.  179.,  Feb.  1S3S. 
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area  of  Great  Britain  and  Ireland.  J£  we  suppose  the  elevation  to 
have  been  only  three  feet  on  an  average,  it  will  be  seen  that  the 
mass  of  rock  added  to  the  continent  of  America  bj  the  movement,  or, 
in  other  words,  the  mass  previously  below  the  level  of  the  sea,  and 
after  the  shocks  permanently  above  it,  must  have  contained  fifty- 
seven  cubic  miles  in  bulk ;  which  would  be  sufficient  to  form  a 
conical  mountain  two  miles  high  (or  about  as  high  as  Etna),  with  a 
circumference  at  the  base  of  nearly  thirty-three  miles.  We  may 
take  the  mean  specifi<i  gravity  of  the  rock  at  2*655, — a  fair  average, 
and  a  convenient  one  in  such  computations,  because  at  such  a  rate 
a  cubic  yard  weighs  two  tons.  Then,  assuming  the  great  pyramid 
of  Egypt,  if  solid,  to  weigh,  in  accordance  with  an  estimate  be- 
fore given,  six  million  tons,  we  may  state  the  rock  added  to  the 
continent  by  the  Chilian  earthquake  to  have  more  than  equalled 
100,000  pyramids. 

But  it  must  always  be  borne  in  mind  that  the  weight  of  rock  here 
alluded  to  constituted  but  an  insignificant  part  of  the  whole  amount 
which  the  volcanic  forces  had  to  overcome.  The  whole  thickness  of 
rock  between  the  surface  of  Chili  and  the  subterranean  foci  of  vol- 
canic action  may  be  many  miles  or  leagues  deep.  Say  that  the 
thickness  was  only  two  miles,  even  then  the  mass  which  changed 
place  and  rose  three  feet  being  200,000  cubic  miles  in  volume,  must 
have  exceeded  in  weight  363  million  pyramids. 

It  may  be  instructing  to  consider  these  results  in  connection  with 
others  already  obtained  from  a  different  source,  and  to  compare  the 
working  of  two  antagonist  forces  —  the  levelling  power  of  running 
water,  and  the  expansive  energy  of  subterranean  heat  How  long, 
it  may  be  asked,  would  the  Ganges  require,  according  to  data  before 
explained  (p.  283.),  to  transport  to  the  sea  a  quantity  of  solid  matter 
equal  to  that  which  may  have  been  added  to  the  land  by  the  Chilian 
earthquake  ?  The  discharge  of  mud  in  one  year  by  the  Ganges  was 
estimated  at  20,000  million  cubic  feet.  According  to  that  estimate 
it  would  require  about  four  centuries  (or  418  years)  before  the  river 
could  bear  down  from  the  continent  into  the  sea  a  mass  equal  to  that 
gained  by  the  Chilian  earthquake.  In  about  half  that  time,  perhaps, 
the  united  waters  of  the  Ganges  and  Burrampooter  might  accomplish 
the  operation. 

Cuich,  1819. — A  violent  earthquake  occurred  at  Cutch,  in  the 
delta  of  the  Indus,  on  the  16th  of  June,  1819.  (See  Map,  Rg.  71.) 
The  principal  town,  Bhooj,  was  converted  into  a  heap  of  ruins,  and 
its  stone  buildings  were  thrown  down.  The  movement  was  felt  over 
an  area  having  a  radius  of  1000  miles  from  Bhooj,  and  extending  to 
Khatmandoo,  Calcutta,  and  Pondicherry.*  The  vibrations  were  felt 
in  North-west  India,  at  a  distance  of  800  miles,  after  an  interval  of 
about  fifteen  minutes  after  the  earthquake  at  Bhooj.  At  Ahmedabad 
the  great  mosque,  erected  by  Sultan  Ahmed  nearly  450  years  before, 
fell  to  the  ground,  attesting  how  long  a  period  had  elapsed  since  a 
shock  of  similar  violence  had  visited  that  point.    At  Angar,  the  &i^ 

*  See  Asiatic  Journal,  vol.  L 
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with  its  tower  and  guna,  were  hurled  to  the  ground  in  one  c 
mass  of  ruin.  The  shocks  continued  until  the  20th ;  when,  thirty 
miles  north-west  from  BhooJ,  the  volcano  called  Denodur  is  uid  bf 
some  to  hnve  sent  forth  Hames,  but  Capt.  Grant  was  unable  U 
authenticate  this  statement. 

Subsidence  in  the  delta  of  the  Indut. — Although  the  ruin  of  lowni 
was  great,  the  face  of  nature  in  the  inland  country,  says  Captain 
Macmurdo,  was  not  visibij  altered.  In  the  hills  some  large  ma»H 
only  of  rock  and  soil  were  detached  from  the  precipices ;  but  the 
eastern  and  almost  deserted  channel  of  the  Indus,  which  bounds  ths 
province  of  Cutch,  was  greatly  changed.  This  estuary,  oc  inlet  of 
the  sea,  was,  before  the  earthquake,  fordable  at  Luckput,  Seing  oaly 
about  a  foot  deep  when  the  tide  was  at  ebb,  and  at  flood  tida  Mnr 
more  than  six  feet ;  but  it  was  deepened  at  the  fort  of  Lnckpn^  aftv 
the  shock,  to  more  than  eighteen  feet  at  low  water,'  On  >oaodia( 
other  parts  of  the  channel,  it  was  found,  that  where  previoutly  tk* 
depth  of  the  water  at  flood  never  exceeded  one  or  two  feet,  it  bad 
become  from  four  to  ten  feet  deep.  By  these  and  other  remaikabk 
changes  of  level,  a  part  of  the  inland  navigation  of  that  oonntiyi 
which  had  been  closed  for  centuries,  became  again  practicable. 

Fort  and  vtUagt  submerged.^ — The  fort  and  village  of  Sndre^ 

•  Hacmnrdo.  Ed.  IliiL  Jonm.  W.  106.  puirJng  ikelcfa  (fig.  TL)  of  t^  IM  rf 
'  f  I  was  indebled  to  my  fHend  the  lata  BtodrM,  m  tt  ippemi  (toiM  llM 
Sir  Akxander  Bunea  (ui  Ibe  Kcom-    \xlin«tiw 
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on  the  eastern  nrm  of  the  lodua,  above  Luckput,  are  stated  b^  the 
same  writer  to  have  been  overflowed;  and,  after  the  shock,  the  tops 
of  the  houses  and  wail  were  alone  to  be  seen  above  the  water,  for  the 
houses,  although  aubmerged,  were  not  cast  down.  '  Had  they  been 
situated,  therefore,  in  the  interior,  where  so  many  forts  were  levelled 
to  tBe  ground,  their  site  would,  perhaps,  have  been  regarded  as 
having  remained  comparatively  unmoved.  Hence  we  may  suspect 
that  great  pennanent  upheavings  and  depressions  of  soil  may  be  the 
result  of  earthquakes,  without  the  inhabitants  being  in  the  least 
degree  conscious  of  any  change  of  level. 

A  more  recent  survey  of  Cutch,  by  Sir  A.  Burnes,  who  was  not  in 
communlcalion  wUh  Capt.  Macmurdo,  confirms  the  facts  above  enu- 
merated, and  adds  many  important  details,*  That  ofiicer  examined 
the  delu  of  the  Indus  in  1826  and  1828,  and  from  his  account  it 
appears  that,  when  Sindree  subsided  in  June,  1819,  the  sea  flowed  io 
by  the  eastern  mouth  of  the  Indus,  and  in  a  few  hours  converted  a 
tract  of  laqd,  2000  square  miles  in  area,  into  an  inland  sea,  or 
lagoon.  Neither  the  rush  of  the  sea  into  this  new  depression,  nor 
the  movement  of  the  earthquake,  threw  down  entirely  the  small  fort 
of  Sindree,  one  of  the  four  towers,  the  north -western,  still  continuing 
to  stand  ;  and,  the  day  after  the  earthquake,  the  inhabitants,  who  had 
ascended  to  the  top  of  this  tower,  saved  themselves  in  boats.^ 

Elevation  of  the  Ullah  Bund. — Immediately  after  the  shock,  the 
inhabitants  of  Sindree  saw,  at  the  distance  of  five  miles  and  a  half 
from  their  village,  a  long  elevated  mound,  where  previously  there 
had  been  a  low  and  perfectly  level  plain.     (See  Map,  fig.  71.)     To 

■  Thii  Memoir  ii  now  in  the  library    earlier  edition  were  afterwnnls  obtained 
of  the  Rojal  Asiatic  Society  of  liondon.     by   me   from    personal   commnnieatloa 
t  SaTOTftl  pwticuhuB  not  given  iu  the    with  Sir  A.  Barnei  la  Londoo. 
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this  Bplifled  tract  they  gave  the  name  of  "Ullah  Buad."  ur 
"Monnd  of  Goil,"  to  dislinguisli  it  from  eevernl  artificial  i 
previously  tlirown  across  tlie  eastern  arm  of  the  Indus. 

Extent  of  cmtntrtf  raised. — It  has  been  ascertained  that  tht*  DOT 
raised  country  is  vpaardt  ofjifty  miles  in  length  from  eaat  to  v^ 
runniag  parallel  to  that  line  of  subsidence  before  meDtJotiedv 
cniiscd  the  grounds  around  Sindroe  to  be  floodci].  The  rai^^  ol 
elevation  extends  from  I'uchum  Island  towards  Gharee ;  iu  1 
from  north  to  south  is  conjectured  to  ba  In  some  parts  tixieat  m 
nnd  Its  greatest  ascertained  height  nbova  the  originu)  ievd  at  da 
delta  is  ten  feet,  —  an  elevation  which  appears  to  the  eye  to  be  mj 
uniform  throughout. 

For  several  yeara  after  the  convulsion  of  IfllB,  the  conm  i/lbt 
Indus  WHS  very  unsettled,  and  at  length,  in  1N2^  tlio  r 
vust  body  of  water  into  its  eoalcrn  ana,  timl  culled  llic  FlionMl^ 
above  Sindree;  and  forcing  its  way  in  a  more  direct  <rourM  I 
sea,  burst  through  all  the  artificial  dama  which  had  bcm  tk: 
across  its  channel,  and  at  length  cut  right  through  the  "Ullah  Bun!" 
whereby  a.  natural  section  was  obtained.  In  llic  perpendicular  <J  ~ 
thus  laid  open  Sir  A.  Burnes  found  that  the  upraised  lands  o 
nf  clay  fdleil  with  shells.  The  new  channel  of  iho  ri 
intersected  the  "bund"  wa?  eighteen  feet  deep,  and  forty  rinl*'<»  1 
width;  but  in  1828  the  channel  was  still  farther  enlarged.  Tb 
Indus,  when  it  first  opened  this  new  passage,  threw  euch  a  IkhIt  o( 
water  into  the  new  mere,  or  salt  lagoon,  of  Sindree,  that  it  bcc^R" 
fresh  for  many  months  ;  but  it  had  recovered  its  ealtness  in  18£i, 
when  the  supply  of  river-water  was  less  copious,  and  tinally  it  be«w  I 
more  salt  tlian  the  sea,  in  conset|uence,  as  the  natives  fOfgealfd  l» 
Nir  A.  Burnes,  of  the  saline  particles  with  which  the  "Rana  rf 
Cutch"  is  impregnated. 

In  1828  Sir  A.  Burnes  went  in  a  boat  to  the  ruins  of  Sindn'- 
where  a  single  remaining  tower  was  seen  in  the  midel  of  a  wiik 
expanse  of  sea.  The  lops  of  the  ruined  walls  still  rose  two  or  lluw 
feet  above  the  level  of  the  woter ;  and  standing  on  one  of  ihcsr,  h 
could  behold  nothing  in  the  horiiion  but  water,  except  in  one  tfir"* 
tion,  where  a  blue  streak  of  land  to  the  north  indicated  (be  Vihi 
Bund.  This  scene  presents  to  the  imagination  a  lively  picture  of  tbe 
revolutions  now  in  progress  on  the  earth — a  waste  of  waters  wbjff 
a  few  years  before  all  was  land,  and  the  only  land  visible  caiis«(i>V 
of  ground  uplifted  by  a  recent  earthquake. 

Ten  years  after  the  visit  of  Sir  A.  Burnes  above  aUtideil  to,  »J 
friend,  Captain  Grant,  F.G.S.,  of  the  Bombay  Engineers,  had  * 
kindness  to  send  nt  my  request  a  native  surveyor  to  make  a  pb"  ^ 
Sindree  and  Ulliih  Bund,  in  March,  1838.  From  bis  de»criplkB  •* 
appears  that,  at  that  season,  the  driest  of  the  wliole  year,  b«  fnf*  ' 
the  channel  traversing  the  Bund  to  be  100  yards  n 
wnler,  and  encrusted  with  salt.  He  was  told  that  it  I 
four  or  live  feet  of  water  in  it  after  rains.  Tlic  sidu«  or  hooU  "«* 
nearly  pcrpendicultiri  and   nine  feet  in  faei^t.     Th«  Ugotc  h*   I 


CH.XXV1I.]  EAETHQDAKB  OP  CDTCH.  463 

diminished  both  in  area  and  depth,  and  part  near  the  fort  mis  dry 
Und.     The  annexed   drawing,   made  by  Captain  Grant  from  the 


surveyor's  plan,  shows  the  appearance  of  the  fort  in  the  midat  o: 
lake,  as  seen  in  1838  from  the  west,  or  from  the  same  point  as  that 
from  which  Captain  Grindlay's  sketch  (see  fig.  72.)  was  taken  in  1808, 
before  the  earthquake. 

The  Kunn  of  Cutch  is  a  flat  region  of  a  very  peculiar  character, 
and  no  less  than  7000  square  miles  in  area  :  a  greater  superficial 
extent  than  Yorkshire,  or  about  one  fourth  the  area  of  Ireland.  It 
is  not  a  desert  of  moving  sand,  nor  a  marsh,  but  evidently  the  dried- 
up  bed  of  an  inland  sea,  which  for  a  great  part  of  every  year  has  a 
hard  and  dry  bottom  uncovered  by  weeds  or  grass,  and  only  support- 
ing here  and  tliere  a  few  tamarisks.  But  during  the  monsoons,  when 
the  sea  runs  high,  the  salt-water  driven  up  from  the  Gulf  of  Cutch 
and  the  creeks  at  Luckput  overflows  a  large  port  of  the  Kunn, 
especially  after  rains,  when  the  soaked  ground  pi^rmits  the  seo-water 
to  spread  rapidly.  The  Runn  is  also  liable  to  be  overflowed  oc< 
casionally  in  some  parts  by  river-water;  and  it  is  remarkable  that 
the  only  portion  which  was  ever  highly  cultivated  (that  anciently 
called  Sayra)  is  now  permanently  submerged.  The  surface  of  the 
Bonn  is  sometimes  encrusted  with  salt  about  an  inch  in  depth,  in 
consequence  of  the  evaporation  of  the  sea-water.  Islands  rise  up  in 
some  parts  of  the  waste,  and  the  boundary  lands  form  bays  and 
promontories.  The  natives  have  various  traditions  respecting  the 
former  separation  of  Cutch  and  Sinde  by  a  bay  of  the  sea,  and  the 
drying  up  of  the  district  called  the  Runn.  But  these  tales,  besides 
the  usual  uncertainty  of  oral  tradition,  are  farther  obscured  by 
mythological  fictions.  The  conversion  of  the  Runn  into  land  is 
chiefly  ascribed  to  the  miraculous  powers  of  a  Hindoo  saint,  by  name 
Damorath  {or  Dhoorunnalh),  who  had  previously  done  penance  for 
twelve  years  on  the  summit  of  Denodur  hill.  Captain  Grant  infers, 
on  Tarious  grounds,  that  this  saint  flourished  about  the  eleventh  or 
twelfth  century  of  our  em.  In  proof  of  the  drying  up  of  the  Runn, 
some  towns  far  inland  are  still  pointed  out  as  having  once  been 
ancient  ports.    It  has,  moreover,  been  always  said  that  Bl:tv^  <Nex« 


464      VOLCANIC   ERUPTION   IN   BUMBAIVA,  1815.      CCv.  XXVlt 
wrecked  and  engulphcd  b;  the  great  catastrophe  ;  snd  id  tbe  j«n 
black  muddy  water  thrown  out  of  fissures  in  that  region,  in  !3tl 
tliere  were  cast  up  numerous  pieces  of  wrought  iron  and  iiltip  nsik' 
Cones  of  sand  six  or  eight  feet  in  ht-ight  were  at  the  aame 
tLniwn  up  on  these  lands,  f 

We  must  not  conclude  without  alluding  to  a  moral  phi 
coQoecied  with  this  tremendous  catastrophe,  which  we  rc^rd  u 
highly  deserving  the  attention  of  geologists.  Ii  is  stntnd  by  Sir.  A 
Buriies,  that "  these  wonderful  events  passed  unherdeil  by  iha  i«l*- 
bitunts  of  Cutch  -, "  for  the  region  convulsed,  though  once  fertile,  bil 
for  a  long  period  been  reduced  to  sterility  by  want  of  irrigalioo, 
that  the  nutiveB  were  indifferent  as  (o  ils  fate.  Now  it  la  to  tbii 
profound  apathy  which  all  but  highly  civilized  nations  foe],  in  regvl 
to  physical  erents  not  having  an  immediate  influence  on  Ibeir  worMIf 
fortunes,  that  we  must  ascribe  the  extraordinary  dearth  of  liuiniiol 
information  concerning  changes  of  the  earth's  surface,  wbicb  modsi 
observations  show  to  be  by  no  means  of  rare  occurrence  In  tb«  «•• 
nary  course  of  nature. 

Since  the  above  account  was  written,  a  description  boa  been  pn^ 
lished  of  more  recent  geographical  changes  in  the  district  of  Cnh:^ 
near  the  mouth  of  the  Koree,  or  eastern  branch  of  the  Indus,  wUcfc 
happened  in  June,  1845.  A  large  area  seems  to  have  subsidinl,  mI 
the  Sindree  lake  had  become  a  salt  marsh.  \ 

Island  of  Sumbawa,  1815.  —  In  April,  1815,  one  of  tbe  axol 
frightful  eruptions  recorded  in  history  occurred  in  the  province  cf 
Toroboro,  in  the  island  of  Sumbawa  (see  Map,  fig.  39.  p.  351.),  aboirt 
200  miles  from  the  eastern  extremity  of  Java,     In  the  AprU  of  tbe 
year  preceding  the  volcano  hod  been  observed  in  s  stal«  of  consider- 
able activity,  ashes  having  fallen  upon  the  decks  of, vesseb  which  sailed 
past  the  coast.  §     The  eruption  of  1815  began  on  the  5tb  of  April,  M 
was  most  violent  on  the  1  Uh  and  12th,  and  did  not  entirely  cease  tiD 
July.     The  sound  of  the  e^cploaions  was  heard  in  Sumatra,  at  the  dis- 
tance of  970  geographical  miles  in  a  direct  line ;  and  at  Temate,  i* 
an  opposite  direction,  at  the  distance  720  miles.     Out  of  a  p<^nlatioa 
of  12,000,  in  the  province  of  Tomboro,  only  twenty-six  individadi 
survived.     Violent  whirlwinds   carried  up  men,  horses,  cattle,  m' 
whatever  else  came  within  their  influence,  into  the  air ;  tore  op  tte 
largest  trees  by  the  roots,  and  covered  the  whole  sea  with  floatiig 
timber.jl     Great  tracts  of  land  were  covered  by  lava,  Beveral  stroM 
of  which,  issuing  from  the  crater  of  the  Tomboro  monntun,  reaAe' 
the  seo.     So  heavy  vfas  the  fall  of  ashes,  that  they  broke  into  tfc» 
Resident's  house  at  Bima,  forty  miles  east  of  the  volcano,  and  iw- 
dered  it  as  well  as  many  other  dwellings  in  the  town  unhabitable.  (^ 
the  side  of  Java  the  ashes  were  carried  to  the  distance  of  SOOmtlef^  *^ 
217  towards  Celebes,  in  sufficient  quantity  to  darken  the  air.    Tte 
floating  cinders  to  the  westward  of  Sumatra  formed,  on  the  IStktf 

•  Capt.  niimrs'  ArconnL  }  Qnut.  GcoL  Joam.  vol.  iL  p  IV^ 

t  V.a.\<t-    Mncnmrtlo'g    Mcmuir,    Ed.        g  MS.  of  J.  Cnirfard,  E 
PJtJL  Journ.  vol  iv.  p.  106,  |  RatBci'a  Java,  voL  t 
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April,  a  mass  two  feet  thick,  and  several  miles  in  extent,  through 
which  ships  with  difficulty  forced  their  way. 

The  darkness  occasioned  in  the  daytime  by  the  ashes  in  Java  was 
so  profound,  that  nothing  equal  to  it  was  ever  witnessed  in  the  darkest 
night.  Although  this  volcanic  dust  when  it  fell  was  an  impalpable 
powder,  it  was  of  considerable  weight  when  compressed,  a  pint  of  it 
weighing  twelve  ounces  and  three  quarters.  "  Some  of  the  finest 
particles,**  says  Mr.  Crawfurd,  ^^vtexe  transported  to  the  islands  of 
Amboyna  and  Banda,  which  last  is  about  800  miles  east  from  the  site 
of  the  volcano,  although  the  south-east  monsoon  was  then  at  its 
height. "  They  must  have  been  projected,  therefore,  into  the  upper 
regions  of  the  atmosphere,  where  a  counter  current  prevailed. 

Along  the  sea*coast  of  Sumbawa  and  the  adjacent  isles,  the  sea 
rose  suddenly  to  the  height  of  from  two  to  twelve  feet,  a  great  wave 
rushing  up  the  estuaries,  and  then  suddenly  subsiding.  Although 
the  wind  at  Bima  was  still  during  the  whole  time,  the  sea  rolled  in 
upon  the  shore,  and  filled  the  lower  parts  of  the  houses  with  water  a 
foot  deep.  Every  prow  and  boat  was  forced  from  the  anchorage,  and 
driven  on  shore. 

The  town  called  Tomboro,  on  the  west  side  of  Sumbawa,  was 
overflowed  by  the  sea,  which  encroached  upon  the  shore  so  that  the 
water  remained  permanently  eighteen  feet  deep  in  places  where  there 
was  land  before.  Here  we  may  observe,  that  the  amount  of  subsidence 
of  land  was  apparent,  in  spite  of  the  ashes,  which  would  naturally  have 
caused  the  limits  of  the  coast  to  be  extended. 

The  area  over  which  tremulous  noises  and  other  volcanic  effects 
extended,  was  1000  English  miles  in  circumference,  including  the 
whole  of  the  Molucca  Islands,  Java,  a  considerable  portion  of  Celebes, 
Sumatra,  and  Borneo.  In  the  island  of  Amboyna,  in  the  same  month 
and  year,  the  ground  opened,  threw  out  water,  and  then  closed  again.* 
In  conclusion,  I  may  remind  the  reader,  that  but  for  the  accidental 
presence  of  Sir  Stamford  Raffles,  then  governor  of  Java,  we  should 
scarcely  have  heard  in  Europe  of  this  tremendous  catastrophe.  He 
required  all  the  residents  in  the  various  districts  under  his  authority 
to  send  in  a  statement  of  the  circumstances  which  occurred  within 
their  own  knowledge  ;  but,  valuable  as  were  their  communications, 
they  are  often  calculated  to  excite  rather  than  to  satisfy  the  curiosity 
of  the  geologists.  They  mention,  that  similar  effects,  though  in  a  less 
degree,  had,  about  seven  years  before,  accompanied  an  eruption  of 
Carang  Assam,  a  volcano  in  the  island  of  Bali,  west  of  Sumatra ;  but 
no  particulars  of  that  great  catastrophe  are  recorded.! 

Caracccu,  1812.  —  On  the  26th  of  March,  1812,  several  violent 
shocks  of  an  earthquake  were  felt  in  Caraccas.  The  surface  undulated 
like  a  boiling  liquid,  and  terrific  sounds  were  heard  underground. 
The  whole  city  with  its  splendid  churches  was  in  an  instant  a  heap 
of  ruins,  under  which  10,000  of  the  inhabitants  w^ere  buried.     On  the 

^  Kaffles*8  Hist,  of  Java,  vol.  i.  p.  85.        f  I^<b  and  Services  of  Sir  StiunforJ 
£d.  Phil  Journ.  voL  iii.  p.  389.  Baffles's,  p.  241.    London.  183Q« 
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5th  of  April,  enormoua   rocks  were  detaclied  from  tha  niouataiaL  n 
It  was  beUeved  tliat  tlie  mountain  Silia  lost  Irom  300  to  360  feettif  1 
its  height  by  subsidence;  but  this  was  an  opinion  not  founded  on  tjsj 
meoauraiDGnt.     Ou  the  27tli  of  April,,  a  volcano  in    St.  Vioceot'i  I 
threw  out  ashes;  and,  on  the  30th,  lava  flowed  from  itd  rrntor  iuCntbi  I 
sea,  while  its  explosions  were  beard  at  a  distance  equal  to  that  Itctirtiea 
Vesuvius  and  Switzerland,  the  sound  being  transmitted,  as  Uumbi^ 
Buppoaes,  through  the  ground.     During  the  earthquake  wliich  d^ 
atroyed  CarBccos,  nn  immcnEe  quantity  of  water  was  thrown  outtt 
Valeuillo,  near  Valencia,  as  also  at  Porto  Cabello,  through  tipeoii^   i 
in  the  eartli;  and  in  the  Lake  Marocajbo  the  water  sank.     flninboUt 
observed  that  the  Cordilleras,  composed  of  gneiss  and  mien  *Ute,  ui    I 
the  countr}'  immediately  at  their  foot,  were  more  rioleolljr  •hskca 
than  the  plains.* 

Soath  Carolina  and  New  Madrid,  Mitsouri,  1811-12. Prerioni 

to  the  destruction  of  La  Guaym  and  Caraccati,  in  1812,  eartlu)iiakd  ! 
were  felt  in  South  Carolina;  and  the  shocks  continued  till  thoMCttiM 
were  destroyed.  The  valley  also  of  the  Mississippi,  from  tlic  vill^ 
of  Now  Madrid  to  ibe  mouth  of  the  Ohio  in  one  direction,  and  ta  tki 
St.  Francis  in  another,  was  convulsed  in  such  a  degree  ut  to  cnatt 
new  lakes  and  islands.  It  bos  been  r<>marked  by  IlumbuUt  in  fail 
Cosmos,  that  the  earthquoke  of  New  Madrid  presents  one  of  the  few 
examples  on  record  of  (be  incessant  quaking  of  the  ground  for  serenl 
successive  month8_/flryrom  any  volcano.  Flint,  the  geogntphcf,  wh* 
visited  the  conntry  seven  years  after  the  event,  informs  us,  that  ft 
tract  of  many  miles  in  extent,  near  the  Little  Prairie,  became  cov«nd 
witli  water  three  or  fgur  feet  deep  ;  and  when  the  water  disappeucd 
a  stratum  of  sand  was  left  in  its  place.  Large  lakes  of  twenty  mile* 
in  extent  were  formed  in  the  course  of  an  hour,  and  others  ware 
drained.  The  grave-yard  at  New  Sladrid  was  precipitated  inla  the 
bed  of  the  Mississippi ;  and  it  is  stated  that  the  ground  whereon  ibe 
town  is  built,  and  the  river  hank  for  fifteen  miles  above,  sank  ei^t 
fi-et  b(.'luw  tli;ir  furmiir  level. f  Tlic  neighbouring  forest  presented 
for  some  years  afterwards  "  a  singular  scene  of  confusion ;  the  ItMS 
standing  inclined  in  every  direction,  and  many  having  their  trunks 
and  branches  broken."} 

The  inhabitants  relate  that  the  earth  rose  in  great  undulsticui 
and  when  these  reached  a  certain  fearful  height,  the  soil  burst,  ud 
vast  volumes  of  water,  sand,  and  pitH»>al  were  disclutrged  as  hjgk  u 
the  tops  of  the  trees.  Flint  saw  hundreds  of  tfaeee  deep  chasms  iv- 
roaining  in  an  alluvial  soil,  seven  years  after,  Tlie  people  in  &< 
country,  although  inexperienced  in  such  convulsion^  had  remsrkfJ* 
that  the  chasms  in  the  earth  were  in  a  direction  from  &.  W,  to  N.  K.: 
and  they  accordingly  felled  ths  Ullest  trees,  and  layiug  tlien  *> 
right  angles  to  the  chasms,  stationed  themselves  upon  them.     By  l^ii 


•  IlTunboldt'sPcTB.Nsr.  vol.  iv.  11.12.;    ba^  1891. 
and  Ed.  PhiL  Jouni.,ToL  i.p.ST2. 1819.        (  Long's  E^cptd.  todwBockjM 
f  Cnmei's  Nsvigalor,  p.  343.    I'ius-    loins,  voL  iii.  p.  IM. 
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inyention,  when  chasms  opened  more  than  once  under  these  trees, 
several  persons  were  prevented  from  being  swallowed  up.*  At  one 
period  during  this  earthquake,  the  ground  not  far  below  New  Madrid 
swelled  up  so  as  to  arrest  the  Mississippi  in  its  course,  and  to  cause  a 
temporary  reflux  of  its  waves.  The  motion  of  some  of  the  shocks 
is  described  as  having  been  horizontal,  and  of  others  perpendicular; 
and  the  vertical  movement  is  said  to  have  been  much  less  desolating 
than  the  horizontal. 

The  above  account  has  been  reprinted  exactly  as  it  appeared  in 
former  editions  of  this  work,  compiled  from  the  aathorities  which  I 
have  cited ;  but  having  more  recently  (March,  1846)  had  an  oppor- 
tunity myself  of  visiting  the  disturbed  region  of  the  Mississippi,  and 
conversing  with  many  eye-witnesses  of  the  catastrophe,  1  am  able  to 
confirm  the  truth  of  those  statements,  and  to  add  some  remarks  on 
the  present  face  and  features  of  the  country.  1  skirted,  as  was  before 
related  (p.  270.),  part  of  the  territory  immediately  west  of  New  Madrid, 
called  **the  sunk  country,"  which  was  for  the  first  time  permanently 
submerged  during  the  earthquake  of  1811-12.  It  is  said  to  extend 
along  the  course  of  the  White  Water  and  its  tributaries  for  a  distance 
of  between  70  and  80  miles  north  and  south,  and  30  miles  east  and 
west.  I  saw  on  its  borders  many  full-grown  trees  still  standing 
leafless,  the  bottoms  of  their  trunks  several  feet  under  water,  and  a 
still  greater  number  lying  prostrate.  An  active  vegetation  of  aquatic 
plants  is  already  beginning  to  fill  up  some  of  the  shallows,  and  the 
sediment  washed  in  by  occasional  floods  when  the  Mississippi  rises  to 
an  extraordinary  height  contributes  to  convert  the  sunk  region  into 
marsh  and  forest  land.  Even  on  the  dry  ground  along  the  confines 
of  the  submerged  area,  I  observed  in  some  places  that  all  the  trees 
of  prior  date  to  1811  were  dead  and  leafless,  though  standing  erect 
and  entire.  They  are  supposed  to  have  been  killed  by  the  loosening 
of  thdr  roots  during  the  repeated  undulations  which  passed  through 
the  ground  for  three  months  in  succession. 

Mr.  Bringier,  an  experienced  engineer  of  New  Orleans,  who  was  on 
horseback  near  New^Madrid  when  some  of  the  severest  shocks  were 
experienced,  related  to  me  (in  1846),  that  **  as  the  waves  advanced 
the  trees  bent  down,  and  the  instant  afterwards,  while  recovering  their 
position,  they  often  met  those  of  other  trees  similarly  inclined,  so 
that  their  branches  becoming  interlocked,  they  were  prevented  from 
righting  themselves  again.  The  transit  of  the  wave  through  the 
woods  was  marked  by  the  crashing  noise  of  countless  boughs,  first 
heard  on  one  side  and  then  on  the  other.  At  the  same  time  powerful 
jets  of  water,  mixed  with  sand,  mud,  and  fragments  of  coaly  matter, 
were  cast  up,  endangering  the  lives  of  both  horse  and  rider.'* 

I  was  curious  to  ascertain  whether  any  vestiges  still  remained 
of  these  fountains  of  mud  and  water,  and  carefully  examined  be-' 
tween  New  Madrid  and  the  Little  Prairie  several  **  sink  holes "  as 
they  are  termed.  They  consist  of  cavities  from  10  to  30  yards  in 
width,  and  20  feet  or  more  in  depth,  and  ^are  very  conspicuous 

*  Silliman's  Joum.  Jan   1829. 
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interrapting  llie  level  aurface  of  a  flat  alluri&l  plKin.  I  aaw  A 
dance  of  s&nil,  which  some  of  the  present  iiihubitania  saw  spouUif  fi 
these  deep  holes,  also  fragments  of  decayed  wood  and  bUick  U 
minuus  shale,  probnbly  drifted  down  nl  some  r»rt]ier  period  in 
main  cliannel  of  the  Mi^issippi,  from  the  cual-fietils  fni^ber  dm 
I  also  fuund  numerous  rents  in  the  soil  left  bj  the  earthquake,  h 
of  ihera  atiU  several  feet  wide,  and  a  yard  or  two  in  depth,  aliluM^ 
the  action  of  raiiiB,  frost,  and  occBsionnl  inundations,  and  e^peciaOf 
the  leaves  of  trees  blown  into  them  in  counlleas  numbers  eTcry 
tunin,  have  done  much  to  fill  them  up.  1  measured  the  dirwtiol 
of  some  of  the  fissures,  which  uaunlty  sarieJ  from  10  to  45  degrad 
W.  of  north,  and  were  often  parallel  to  each  other ;  1  f 
however,  u  considerable  diversity  in  their  direction.  Many  of 
are  traceable  for  half  a  mile  and  upwarda,  but  tbey  might  easily  kl  ^ 
•nistoken  for  artificial  trenches  if  resident  settlers  were  not  lh«* 
to  assure  us  that  within  their  recollection  they  were  "  as  deep  M 
welb."  Fmgmenta  of  coaly  shale  were  strewed  along  the  eJgw  ft 
some  of  these  open  fieaures,  together  with  white  snnd,  io  tbe  mat 
manner  as  round  the  "sink  holes."* 

Among'  other  monuments  of  the  changes  wrou^^ht  Id  ISll-l^  I 
explored  the  bed  of  a  lake  called  Eulalie,  near  New  Madrid,  300  jail 
long  by  100  yards  in  width,  which  was  suilJenly  dniint-d  during  tli* 
eurthquake.  Tiie  parallel  lissures  hy  which  the  waters  e»cap«dsr* 
not  yet  entirely  closed,  and  all  the  trees  growing  on  its  bottom  *(*« 
at  the  time  of  my  visit  less  than  34  years  old.  They  consifted  vl 
cotton-wood,  willows,  the  honey-locust,  and  other  species,  diffeiuf 
from  those  clothing  the  surroumling  higher  grounds,  which  at«mun 
elevated  by  12  or  15  feet.  On  them  the  hiccory.  the  blac^andwtutt 
oak,  the  gum  and  other  trees,  many  of  them  of  ancient  date,  vera 
flourishing. 

Aleutian  Island*,  1B06.— In  the  year  1806,  a  new  island,  in  tta 
form  of  a  pr-iik,  with  some  low  conical  hilU  upon  it,  is  said  to  h*n 
risen  from  the  aea  among  the  Aleutian  Lilands,  east  of  Karatscbaiki- 
According  to  Langsdorf  f,  it  was  four  geographical  miles  in  rimm- 
fcreuce ;  and  Von  Buch  infers  from  its  magnitude,  nnd  from  in 
not  having  again  subsided  below  the  level  of  the  eea,  tlini  it  did  w 
consist  marely  of  ejected  matter,  but  of  a  solid  ruck  of  trsciiy" 
upheaved.  {  Another  extraordinary  eruption  happened  tn  the  iptm* 
of  the  year  1814,  in  the  sea  near  Unalaschkn,  in  the  s»nw>  arriiipcbgo. 
A  new  isle  was  then  produced  of  considerable  ntit,  and  with  a  pMk 
three  thousand  feet  high,  which  remained  standing  for  «  ynrifto^ 
wards  though  with  somewhat  diminished  height. 

Although  it  is  not  improbable  that  earthquakes  ■rconi|Miiyi>( 
thcfC  tremendous  eruptious  may  have  heaved  up  part  of  the  bed  i' 
the  seu,  yet  the  circumstance  of  the  islondd  not  having  dirappMrrf 

*  »cc   I,yrll'a  Scfofid   Villi    la    the    tlio  WpIi.  bO.  ii  il  ao0. 
Uniliid  tlUlt^^  ch.  xxxiii.  f  Ntnij    Ailscn.    tnc«r.    E|4"»* 

t  Beiucrkimt^a  ouf  ciDer  Bum  asa    bd,  iii. »,  34(L 
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like  Sabrina  (see  p.  416.)  maj  hare  arisen  from  the  emission  of  lava. 
If  Jorullo,  for  example,  in  1769,  had  risen  from  a  shallow  sea  to  the 
height  of  1600  feet,  instead  of  attaining  that  elevation  above  the 
Mexican  plateau,  the  massive  current  of  basaltic  lava  which  poured 
out  from  its  crater  would  have  enabled  it  to  withstand,  for  a  long 
period,  the  action  of  a  turbulent  sea. 

Reflections  on  the  earthquakes  of  the  nineteenth  century* —  We  are 
now  about  to  pass  on  to  the  events  of  the  eighteenth  century ;  but 
before  we  leave  the  consideration  of  those  already  enumerated^  let  us 
pause  for  a  moment,  and  reflect  how  many  remarkable  facts  of 
geological  interest  are  afforded  by  the  earthquakes  above  described, 
though  they  constitute  but  a  small  part  of  the  convulsions  even  of 
the  last  forty  years.  New  rocks  have  risen  from  the  waters;  new  hot 
springs  have  burst  out,  and  the  temperature  of  others  has  been  raised ; 
the  coast  of  Chili  has  been  thrice  permanently  elevated ;  a  consider- 
able tract  in  the  delta  of  the  Indus  has  sunk  down,  and  some  of  its 
shallow  channels  have  become  navigable ;  an  ai^oining  part  of  the 
same  district,  upwards  of  fifty  miles  in  length  and  sixteen  in  breadth, 
has  been  raised  about  ten  feet  above  its  former  level ;  part  of  the 
great  plain  of  the  Mississippi,  for  a  distance  of  eighty  miles  in  length 
by  thirty  in  breadth,  has  sunk  down  several  feet ;  the  town  of  Tom- 
boro  has  been  submerged,  and  twelve  thousand  of  the  inliabitants  of 
Sumbawa  have  been  destroyed.  Yet,  with  a  knowledge  of  these 
terrific  catastrophes,  witnessed  during  so  brief  a  period  by  the  present 
generation,  will  the  geologist  declare  with  perfect  composure  that  the 
earth  has  at  length  settled  into  a  state  of  repose  ?  Will  he  continue 
to  assert  that  the  changes  of  relative  level  of  land  and  sea,  so  common 
in  former  ages  of  the  world,  have  now  ceased  ?  If,  in  the  face  of  so 
many  striking  facts,  he  persists  in  maintaining  this  favourite  dogma, 
it  is  in  vain  to  hope  that,  by  accumulating  the  proofs  of  similar  con- 
vulsions during  a  series  of  antecedent  ages,  we  shall  shake  his  tenacity 
of  purpose :  — 

Si  fractus  illabatar  orbis 
Imparidam  ferient  ruiiue. 

EARTHQUAKES  OF   THE   EIGHTEENTH  CENTURY. 

Qtitto,  1797. — On  the  morning  of  February  4th,  1797,  the  volcano 
of  Tunguragua  in  Quito,  and  the  surrounding  district,  for  forty 
leagues  from  south  to  north,  and  twenty  leagues  from  west  to  east, 
experienced  an  undulating  movement,  which  lasted  four  minutes. 
The  same  shock  was  felt  over  a  tract  of  170  leagues  from  south  to 
north,  from  Piura  to  Popayan  ;  and  140  from  west  to  east,  from  the 
sea  to  the  river  Napo.  In  the  smaller  district  first  mentioned,  where 
the  movement  was  more  intense,  every  town  was  levelled  to  the 
ground ;  and  Riobamba,  Quero,  and  other  places,  were  buried  under 
masses  detached  from  the  mountains.  At  the  foot  of  Tun^ura^uo^ 
the  earth  was  rent  open  in  several  places ;  and  streams  ot  ¥r«.\«x  %xA 
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fetid  mud,  called  "  moyn,"  poured  out,  overflowing  and  wa^tiiC 
avery  tliiog.  In  valleya  1000  feet  broad,  the  nntcr  of  tliese  iiidli 
reached  to  tlie  height  of  GOO  feet ;  Bod  the  mud  deposit  barred  up  dc 
course  of  the  river,  so  as  to  form  lakes,  which  in  some  places  coatdiHl 
for  more  than  eiglity  day^  Flames  and  suSbcating  vapours  BKtfrl 
from  the  lake  Quilotoo,  and  killed  all  the  cattle  on  its  sliores.  Tb 
shocks  continued  nil  Fehruary  and  March  ;  and  on  the  5th  of  Ap*^ 
they  recurred  with  almost  as  much  violence  as  at  first.  We  are  teU 
tbat  the  form  of  the  eurrace  in  the  district  most  shaken  was  estii^f 
altered,  but  no  exact  measurements  are  given  whereby  we  may  esinnde 
the  degree  of  elevation  or  subsidence*  Indeed  it  would  be  diffiealL 
except  in  tlie  immediate  neiglibourhoodof  the  sen,  to  obtain  anyceftn 
standard  of  comparison  if  the  leveb  were  really  na  much  altered  t< 
the  narratioDS  imply. 

Cumana.  1797.  —In  the  sanie  year,  on  the  Ulh  of  Dewmber,  d* 
small  Antilles  experienced  sublerronenn  movements,  and  fovr-BfUti 
of  the  town  of  Cumana  was  shaken  down  by  a  vertical  shock.  Tk 
form  of  the  shoal  of  Mornerouge,  at  the  mouth  of  the  rint 
Bourdones,  was  changed  by  an  upheaving  of  the  ground.  \ 

Canada—  Quebec,  1791.  —  We  learn  from  Captain  Bayfidft>e- 
moirs,  that  earthquakes  are  very  frequent  on  the  shore  of  the  eanwT 
of  the  St.  Lawrence,  of  force  sufficient  at  times  to  split  walls  vA 
throw  down  chimneys.  Such  were  tlie  effects  experienced  in  ^ 
cember,  1721,  in  St.  Paul's  Bay,  about  fifty  miles  N.E.  fromQoeb*; 
and  the  inhabitauts  say,  that  about  every  twenty-five  years  ■  vicJeM 
eartliquake  returns,  which  lasts  forty  days.  In  the  History  of  Can*^ 
it  is  stated  that,  in  1GG3,  a  tremendous  convulsion  lasted  bis  moniM 
extending  from  Quebec  to  Tadeausac,  —  a  distance  of  about  IV 
miles.  The  ice  on  the  river  was  broken  up,  and  many  taoilil'F' 
caused.  X 

Caraccas,  1790.  —  In  the  Caraccas,  near  where  the  Caar»  jo«* 
the  Orinoco,  between  the  towns  San  Pedro  de  Alcantara  and  S* 
Francisco  de  Aripao,  an  earthquake,  on  St.  ^latthew's  day  ITW 
caused  a  sinking  in  of  the  granitic  soil,  and  left  a  lake  SOOyirii* 
diameter,  and  from  eighty  to  one  hundred  in  depth.  It  was  a  po»ti« 
of  the  forest  of  Aripao  which  subsided,  and  the  trees  remained 
for  several  months  under  water.  § 

Sicitt/,  1790. —  On  the  18th  of  March  in  the  same  year,  il  i 
Maria  di  Niscemi,  some  miles  from  Terranuova,  near  the  0 
roast  of  Sicily,  the  ground  gradually  sunk  down  for  a  cireninliW 
of  three  Italian  miles,  during  seven  shocks ;  and,  in  one  ptac4  V ' 
depth  of  thirty  feet.  It  continued  to  subside  to  the  end  of  the  ■■ 
Several  fissures  sent  forth  sulphur,  petroleum,  steam,  and  hot  W 
and  a  stream  of  mud,  which  flowed  for  two  hours,  and  COVH* 

•  l^vuiiUes,  Jonro.  ilc  Phy*.,  loms  |  VAcgirgof*  Tnnb  to  Aw^*_ 
slix,  >>.  S30.  GUbvTt'a  Auiuleii,  btl.  >-{.  %  UumbaUi'*  Vu;,  IkW.  ■*• 
HmnUildi'*  Voj.  p.  317.  part.  iL  p.  «3a. 

t  Bumboltlt'i    Toj.,    Rdat     Hist., 
part  i.  p.  303. 
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space  sixty  feet  long  and  thirty  broad.  This  happened  far  from 
both  the  ancient  and  modern  volcanic  district^  in  a  group  of  strata 
consisting  chiefly  of  blue  clay.* 

Java^  1786.  —  About  the  year  1786,  an  earthquake  was  felt  at 
intervals,  for  the  period  of  four  months,  in  the  neighbourhood  of 
Batur,  in  Java,  and  an  eruption  followed.  Various  rents  were 
formed,  which  emitted  a  sulphurous  vapour;  separate  tracts  sunk 
away,  and  were  swallowed  by  the  earth.  Into  one  of  these  the 
rivulet  Dotog  entered,  and  afterwards  continued  to  follow  a  subter- 
raneous course.  The  village  of  Jampang  was  buried  in  the  ground, 
with  thirty-eight  of  its  inhabitants,  who  had  not  time  to  escape.  We 
are  indebted  to  Dr.  Horsfield  for  having  verified  the  above-mentioned 
facts,  t 
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Calabria^  1783.  —  Op  the  numerous  earthquakes  which  have  oc- 
curred in  different  parts  of  the  globe,  during  the  last  100  years,  that 
of  Calabria,  in  1783,  is  almost  the  only  one  of  which  the  geologist 
can  be  said  to  have  such  a  circumstantial  account  as  to  enable  him 
fully  to  appreciate  the  changes  which  this  cause  is  capable  of  pro- 
ducing in  the  lapse  of  ages.  The  shocks  began  in  February,  1783, 
and  lasted  for  nearly  four  years,  to  the  end  of  1786.  Neither  in 
duration,  nor  in  violence,  nor  in  the  extent  of  territory  moved,  was 
this  convulsion  remarkable,  when  contrasted  with  many  experienced 
in  other  countries,  both  during  the  last  and  present  century;  nor  were 
the  alterations  which  it  occasioned  in  the  relative  level  of  hill  and 
valley,  land  and  sea,  so  great  as  those  effected  by  some  subterranean 
movements  in  South  America,  in  later  times.  The  importance  of  the 
earthquake  in  question  arises  from  the  circumstance,  that  Calabria  is 
the  only  spot  hitherto  visited,  both  during  and  after  the  convulsions, 

♦  Fernura,  Camp,  fl.,  p.  51.  t  Batav.  Trans.  voL  '^im.  V\^\% 
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by  men  pnssessing  sufficient  IfUure,  zeal,  and  scienlific  infur 
enable  them  to  collect  and  describe  with  nccuracy  the  pb^aical  f! 
which  throw  light  on  geological  questions.  I 

Authorities, -^  Among  the  numerous  authorities,  V)T«iizio,  phytfc  , 
ciun  to  the  King  ot  Naples,  transmitted  to  the  court  a  regular  eUle- 
ment  of  liis  obsecrations  during  the  continuance  of  the  stuv^s  i  aod 
his  narrative  is  drawn  up  with  care  and  clearness.*  Franc*** 
Antonio  Grimaldi,  then  secretary  of  war,  visited  the  different  pfp- 
vinces  at  the  king's  command,  and  published  a  most  detailed  docrip- 
tign  of  the  permanent  changes  in  the  surfai:e.t     He  mcasurMl  lh« 


length,  breadth,  and  depth  of  the  different  fissures  and  gulphs  wUek 
opened,  and  ascertained  their  number  in  many  provinces.  Hit  ea^ 
ments,  moreover,  on  the  reports  of  the  inhabitants,  and  his  cxpliifr 
tiona  of  their  relations,  are  judicious  and  instructive.  Pignatant* 
physician  residing  at  Monteleone,  a  lova  placed  in  the  Ttrj  cmO* 
of  the  convulsions,  kept  a  register  of  the  shocks,  diatingutahing  t^M 
into  four  classes,  according  to  their  degree  of  violence.  Fraa  Ui 
work,  it  appears  that,  in  the  year  ITHS,  the  number  wu  946t  ^ 
which  501  were  shocks  of  the  first  degree  of  force;  and  in  the  falk*" 
ingyear  there  were  151,  of  which  98  were  of  the  first  magnittidii 
Count  Ippolilo,  also,  and  many  others,  wrote  descriptioas  at  ^ 

*  Isloria  dc'  Tremaoti  della  Calabria        t  Dncrii.  de'  Tnatnod  Acnl  *(■ 
(Iell783.  Calabria  Dtl  ITM.    NifoU,  i;S«. 


Ce.  XXVIIL]  EARTHQUAKE  IN  GALABBIA,  1783.  473 

earthquake;  and  the  Royal  Academy  of  Naples,  not  satisfied  with 
these  and  other  observations,  sent  a  deputation  from  their  own  body 
into  Calabria,  before  the  shocks  had  ceased,  who  were  accompanied 
by  artists  instructed  to  illustrate  by  drawings  the  physical  changes 
of  the  district,  and  the  state  of  ruined  towns  and  edifices.  Unfortu- 
nately these  artists  were  not  very  successful  in  their  representations 
of  the  condition  of  the  country,  particularly  when  they  attempted  to 
express,  on  a  large  scale,  the  extraordinary  revolutions  which  many 
of  the  great  and  minor  river-courses  underwent  But  many  of  the 
plates  published  by  the  Academy  are  valuable ;  and  as  they  are  little 
known,  I  shall  frequently  avail  myself  of  them  to  illustrate  the  facts 
about  to  be  described.* 

In  addition  to  these  Neapolitan  sources  of  information,  our  country- 
man. Sir  William  Hamilton,  surveyed  the  district,  not  without  some 
personal  risk,  before  the  shocks  had  ceased ;  and  his  sketch,  published 
in  the  Philosophical  Transactions,  supplies  many  facts  that  would 
otherwise  have  been  lost.  He  has  explained,  in  a  rational  manner, 
many  events  which,  as  related  in  the  language  of  some  eye-witnesses, 
appeared  marvellous  and  incredible.  Doloroieu  also  examined  Cala- 
bria during  the  catastrophe,  and  wrote  an  account  of  the  earthquake, 
correcting  a  mistake  into  which  Hamilton  had  fallen,  who  supposed 
that  a  part  of  the  tract  shaken  hnd  consisted  of  volcanic  tuff.  It  is, 
indeed,  a  circumstance  which  enhances  the  geological  interest  of  the 
commotions  which  so  often  modify  the  surface  of  Calabria,  that  they 
are  confined  to  a  country  where  there  are  neither  ancient  nor  modern 
rocks  of  volcanic  or  trappean  origin ;  so  that  at  some  future  time, 
when  the  era  of  disturbance  shall  have  passed  by,  the  cause  of  former 
revolutions  will  be  as  latent  as  in  parts  of  Great  Britain  now  occupied 
exclusively  by  ancient  marine  formations. 

Extent  of  the  area  convulsed,  —  The  convulsion  of  the  earth,  sea, 
and  air  extended  over  the  whole  of  Calabria  Ultra,  the  south-east 
part  of  Calabria  Citra,  and  across  the  sea  to  Messina  and  its  environs; 
a  district  lying  between  the  88th  and  39th  degrees  of  latitude.  The 
concussion  was  perceptible  over  a  great  part  of  Sicily,  and  as  far 
north  as  Naples ;  but  the  surface  over  which  the  shocks  acted  so 
forcibly  as  to  excite  intense  alarm  did  not  generally  exceed  600  square 
miles  in  area.  The  soil  of  that  part  of  Calabria  is  composed  chiefly, 
like  the  southern  part  of  Sicily,  of  calcareo-argillaceous  strata  of 
great  thickness,  containing  marine  shells.  This  clay  is  sometimes 
associated  with  beds  of  sand  and  limestone.  For  the  most  part  these 
formations  resemble  in  appearance  and  consistency  the  Subapennine 
marls,  with  their  accompanying  sands  and  sandstones ;  and  the  whole 
group  bears  considerable  resemblance,  in  the  yielding  nature  of  its 
materials,  to  most  of  our  tertiary  deposits  in  France  and  England. 
Chronologically  considered,  however,  the  Calabrian  formations  are 
comparatively  of  modem  date,  often  abounding  in  fossil  shells  refer- 
able to  species  now  living  in  the  Mediterranean. 

*  Ifltoria  de' Fenomeni  del  Tremoto,    Real.  Accad.,&c.dili(tt|^   ^«pcAi,\*l^> 
ftc.  nell*  An.  1783,  potta  in  Joce  daJU    fol. 
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We  learn  from  Yivencio,  that  on  the  20th  and  26th  of  March,  1783, 
earthquakes  occurred  in  the  islands  of  Zante,  Cephalonia,  and  Si. 
Maura ;  and  in  the  last-mentioned  island  several  public  edifioea  and 
private  houses  were  overthrown,  and  many  people  destroyed. 

If  the  city  of  Oppido,  in  Calabria  Ultra,  be  taken  as  a  centre,  and 
round  that,'  centre  a  circle  be  described,  with  a  radius  of  twenty-two 
miles,  this  space  will  comprehend  the  surface  of  the  country  which 
Buffered  the  greatest  alteration,  and  where  all  the  towns  and  villages 
were  destroyed.  The  first  shock,  of  February  5th,  1783,  threw  down, 
in  two  minutes,  the  greater  part  of  the  houses  in  all  the  cities,  town^ 
and  villages,  from  the  western  fiauks  of  the  Apennines  in  Calabrii 
Ultra  to  Messina  in  Sicily,  and  convulsed  the  whole  surface  of  the 
country.  Another  occurred  on  the  28th  of  March,  with  almost  equal 
violence.  The  granitic  chain  which  passes  tlirough  Calabria  fraa 
north  to  south,  and  attains  the  height  of  many  thousand  feet,  was 
shaken  but  slightly  by^the  first  shock,  but  more  rudely  by  some  which 
followed. 

Some  writers  have  asserted  that  the  wave-like  movements  which 
were  propagated  through  the  recent  strata,  from  west  to  east,  became 
very  violent  when  they  reached  the  point  of  junction  with  the  granite, 
as  if  a  reaction  was  produced  where  the  undulatory  movement  of  i^-^ 
soft   strata  was  suddenly  arrested   by  the   more   solid   rocks.    !>:: 
the  statement  of  Dolomieu  on  this  subject  is  most  interostiiig.  ?ir;J 
perhaps,  in  a  geological  point  of  view,  the  most  important  of  all  t;»" 
observations  which  are  recorded.;*     The  Apennines  ho  says,  ^\liich 
consist  in  great  part  of  hard  and  solid  granite,  with  some  micaix^^'* 
and  argillaceous  schists,  form  bare  mountains  with  stt't  p  side?,  a::i 
exhibit  marks  of  great  degradation.     At  their  base  newer  strata  ;ir-. 
seen  of  sand  and  clay,  mingled  with  shells;  a  marine  dejHjMt  itr- 
taining  such  ingredicints  as  would  result  from  the  decomjK>sitiun  ■ : 
granite.     The  surface  of  this  newer  (tfrtiari/)  formation  eon-ititut  • 
what  is  called  the  plain  of  Calabria  —  a  jilatform  which  is  ilat  ./ ■ 
level,  except  where  intersected  by  narrow  valleys  or  ravin»^s,  wlii  ■■ 
rivers  and  torrents  hav«  excavated  sometimes  to  the  depth  of  ?^ 
hundred  feet.     The  sides  of  these  ravines  are  almost  pf?rpendiiMii:;: : 
fur  the  superior  stratum,  being  bound  together  by  the  roots  of  tr-*- 
prevents  the  fi>rmation  of  a  sloping  bank.     The  usual  fllcot  of  \'-' 
eartli(|uake,  he  continues,  was  to  disconnect  all  those  mas.-cs  wl.'.'*- 
either  had  not  sutlicient  bases  for  their  bulk,  or  which  wercsupfH^rt-'i 
only  by  lateral  adlnrence.     Ilcnce  it  follows  that  throughout  alri'  '^ 
the  whole  length  of  the  chain,  the  soil  which  adhered  to  the  pMC  : 
at  the  base  of  the  mountains  Caulone,  Ksope,  Sagra,  and  Asj)nimi.»nt'. 
sliil  over  the  solid  and  steeply  inclined  nucleus,  and  descended  .^ni" 
what  lower,  leaving  almost  uninterruptedly  from  St.  (icorge  to  U'V-i'* 
St.  Christina,  a  distance  t)f  from  nine  to  ten  miles,  a  chasm  beiw*' 
the  solid  granitic  nucleus  and  the  sandy  soil.     ^lany  lands  rlip}* '- 

*  Dissert  lit  \ou  OR  tlu'  Cahibrian    Karth«iuakc,   &,c.,   traii»Iatcd    m    riiA--"-    ' 
Voyages  and  Tvuvds,  \vA.  \. 
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ihos  were  carried  to  a  considerable  distance  from  their  former  position, 
80  as  entirely  to  cover  others ;  and  disputes  arose  as  to  whom  the 
property  which  had  thus  shifted  its  place  should  belong. 

From  this  account  of  Dolomieu  we  might  anticipate,  as  the  result 
of  a  continuance  of  such  earthquakes,  first,  a  longitudinal  valley 
following  the  line  of  junction  of  the  older  and  newer  rocks';  secondly, 
greater  disturbance  in  the  newer  strata  near  the  point  of  contact  than 
at  a  greater  distance  from  the  mountains ;  phenomena  very  common 
in  other  parts  of  Italy  at  the  junction  of  the  Apennine  and  Sub- 
apennine  formations. 

Mr.  Mallet,  in  his  valuable  essay  on  the  Dynamics  of  Earthquakes*, 
offers  the  following  explanation  of  the  fact  to  which  Dolomieu  has 
called  attenti<m.  When  a  wave  of  elastic  compression,  of  which  he 
considers  the  earth.wave  to  consist,  passes  abruptly  from  a  body 
having  an  extremely  low  elasticity,  such  as  clay  and  gravel,  into 
another  like  granite,  whose  elasticity  is  remarkably  high,  it  changes 
not  only  its  velocity  but  in  part  also  its  course,  a  portion  being 
reflected  and  a  portion  refracted.  The  wave  being  thus  sent  back 
again  produces  a  shock  in  the  opposite  direction,  doing  great  damage 
to  buildings  on  the  surface  by  thus  returning  upon  itself.  At  the 
same  time,  the  shocks  are  at  once  eased  when  they  get  into  the  more 
elastic  materials  of  the  granitic  mountains. 

The  surface  of  the  country  during  the  Calabrian  earthquakes  often 
heaved  like  the  billows  of  a  swelling  sea,  which  produced  a  swimming 
in  the  head,  like  sea-sickness.  It  is  particularly  stated,  in  almost 
all  the  accounts,  that  just  before  each  shock  the  clouds  appeared 
motionless ;  and,  although  no  explanation  is  offered  of  this  phe- 
nomenon, it  is  obviously  the  same  as  that  observed  in  a  ship  at  sea 
when  it  pitches  violently.  The  clouds  seem  arrested  in  their  career 
as  often  as  the  vessel  rises  in  a  direction  contrary  to  their  course ;  so 
that  the  Calabrians  must  have  experienced  precisely  the  same  motion 
on  the  land. 

Trees,  supported  by  their  trunks,  sometimes  bent  during  the  shocks 
to  the  earth,  and  touched  it  with  their  tops.  This  is  mentioned  as 
a  well-known  fact  by  Dolomieu;  and  he  assures  us  that  he  was 
always  on  his  guard  against  the  spirit  of  exaggeration  in  which  the 
Tulgar  are  ever  ready  to  indulge  when  relating  these  wonderful  occur- 
rences. 

It  is  impossible  to  suppose  that  these  waves,  which  are  described 
in  Italy  and  other  regions  of  earthquakes  as  passing  along  the  solid 
anrface  of  the  earth  in  a  given  direction  like  a  billow  on  the  sea,  have 
any  strict  analogy  with  the  undulations  of  a  fluid.  They  are  doubt- 
leas  the  effects  of  vibrations,  radiating  from  some  deep-seated  point, 
each  of  which  on  reaching  the  surface  lifts  up  the  ground,  and  then 
aDows  it  again  to  subside.  As  the  distance  between  the  source  of  the 
aabterranean  movement  and  the  surface  must  vary  according  to  the 
outline  of  the  country,  so  the  vibratory  jar  will  reach  different  points 
in  aucoession. 

♦  Proceed.  Roy,  Irish  Acad.  1846,  p.  26. 


476  EARTHQUAKE    IK    CALABRIA,    1783.  [Ca.  XXVIH 

The  Academicians  relate  tliat  In  some  of  the  oitiea  of  CalabrU 

were  produced  seeming  to  indicate  a  whirling  or  vorlicose  mOTi , 

Thus,  for  example,  two  obelisks  (lig.  75.)  placed  at  the  extremitMS  J 


a  magnificent  facade  in  the  convent  of  S.  Bruno,  in  a  small  towk 
cnllcd  Slefano  del  Bosco,  were  observed  to  have  undergone 
menl  of  a  sin^iular  kind.  The  shock  whii:h  agitated  the  baildiug  i* 
described  as  having  been  horizontal  and  vorticose.  The  pedestal  >f 
each  obelisk  remained  in  its  original  place  ;  but  the  separate  fltooM 
above  were  turned  partially  round,  and  removed  eometimes  nlM 
inches  from  their  position  without  falling. 

It  has  been  suggested  b;  Mr.  Darwin,  that  this  kind  of  displacement 
may  be  due  to  a  vibratory  rather  than  a  whirling  motion*  ;  and  men 
lately  Mr.  Mallet,  in  the  paper  already  cited,  has  offered  a  veij 
ingenious  solution  of  the  problem.  He  refers  the  twisting  simply  U 
an  elastic  wave,  which  has  moved  the  pedestal  forwards  and  bid 
again,  hy  on  alternate  horizontal  motion  within  narrow  limiti^  ui 
he  has  succeeded  in  showing  that  a  rectilinear  movement  in  A* 
ground  may  have  sufficed  to  cause  an  incumbent  body  to  turn  pntiallf 
round  upon  its  bed,  provided  a  certain  relation  exist  between  1^ 
position  of  the  centre  of  gravity  of  the  body  and  its  centre  rf 
adherence-t 

I  shall  now  consider,  in  the  first  place,  that  class  of  physical  chiajrt 
produced  by  the  earthquake  which  are  connected  with  alieratioa*  ■>> 
the  relative  level  of  the  difierent  parts  of  the  land ;  and  »fterw»iJ> 
describe  those  which  are  more  immediately  connected  wili  tb« 
derangement  of  the  regular  drainage  of  the  country,  and  whew  li* 
force  of  running  water  co-operated  with  that  of  the  earthquake. 

Difficulty  of  ascertaining  chaagti  of  level.  —  In  regard  to  altertlJ** 
of  relative  level,  none  of  the  accounts  establish  that  they  were  «  » 
considerable  scale ;  but  it  must  always  be  remembered  that,  to  pv- 
portion  to  the  area  moved  is  the  difficulty  of  proving  that  the  geof* 


t  ProMedinga  Boy.  Iriih 
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level  has  undergone  any  change,  unless  the  sea- coast  happens  to  have 
participated  in .  the  principal  movement.  Even  then  it  is  often 
impossible  to  determine  whether  an  elevation  or  depression  even  of 
several  feet  has  occurred,  because  there  is  nothing  to  attract  notice 
in  a  band  of  shingle  and  sand  of  unequal  breadth  above  the  level  of 
the  sea  running  parallel  to  a  co^st ;  such  bands  generally  marking 
the  point  reached  by  the  vraves  during  spring  tides,  or  the  most 
violent  tempests.  The  scientific  investigator  has  not  sutficient  topo- 
graphical knowledge  to  discover  whether  the  extent  of  beach  has 
diminished  or  increased ;  and  he  who  has  the  necessary  local  inform- 
ation, scarcely  ever  feels  any  interest  in  ascertaining  the  amount  of 
the  rise  or  fall  of  the  ground.  Add  to  this  the  great  difficulty  of 
making  correct  observations,  in  consequence  of  the  enormous  waves 
which  roll  in  upon  a  coast  during  an  earthquake^  and  efface  every 
landmark  near  the  shore. 

Subsidence  of  the  quay  at  Messina. — It  is  evidently  in  seaports 
alone  that  we  can  look  for  very  accurate  indications  of  slight  changes 
of  level;  and  when  we  find  them,  we  may  presume  that  they  would 
not  be  rare  at  other  points,  if  equal  facilities  of  comparing  relative 
altitudes  were  afforded.  Grimaldi  states  (and  his  account  is  confirmed 
by  Hamilton  and  others),  that  at  Messina,  in  Sicily,  the  shore  waa 
rent ;  and  the  soil  along  the  port,  which  before  the  shock  was  per- 
fectly level,  was  found  afterwards  to  be  inclined  towards  the  sea,  — 
the  sea  itself  near  the  **  Banchina**  becoming  deeper,  and  its  bottom 
in  several  places  disordered.  The  quay  also  sunk  down  about  four- 
teen inches  below  the  level  of  the  sea,  and  the  houses  in  its  vicinity 
were  much  fissured.     (PhU,  Trans,  1783.) 

Among  various  proofs  of  partial  elevation  and  depression  in  the  in- 
terior, the  Academicians  mention,  in  their  Survey,  that  the  ground 
was  sometimes  on  the  same  level  on  both  sides  of  new  ravines  and 
fissures,  but  sometimes  there  had  been  a  considerable  shifting,  either 
by  the  upheaving  of  one  side,  or  the  subsidence  of  the  other.  Thus, 
on  the  sides  of  long  rents  in  the  territory  of  Soriano,  the  stratified 
masses  had  altered  their  relative  position  to  the  extent  of  from  eight 
to  fourteen  palms  (six  to  ten  and  a  half  feet). 

PolisUna. — Similar  shifts  in  the  strata  are  alluded  to  in  the  terri- 
tory of  Polistena,  where  there  appeared  innumerable  fissures  in  the 
earth.  One  of  these  was  of  great  length  and  depth ;  and  in  parts  the 
level  of  the  corresponding  sides  was  greatly  changed.     (See  fig.  76.) 

Terranttova, — In  the  town  of  Terronuova  some  houses  were  seen 
uplifted  above  the  common  level,  and  others  adjoining  sunk  down  into 
the  earth.  In  several  streets  the  soil  appeared  thrust  up,  and  abutted 
against  the  walls  of  houses :  a  large  circular  tower  of  solid  masonry, 
part  of  which  had  withstood  the  general  destruction,  was  divided  by 
a  vertical  rent,  and  one  side  was  upraised,  and  the  foundations  heaved 
out  of  the  ground.  It  was  compared  by  the  Academicians  to  a  great 
tooth  half  extracted  from  the  alveolus^  with  the  upper  part  of  the 
fangs  exposed.    (See  fig.  77.) 

Aiong  the  line  of  this  shifc,  or  '* fault,"*  as  it  would  be  Utm^^X^^ 
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niciilly  by  nuners,  tlie  walla  wore  found  to  uillierc  firmly  to  each  fltber. 
and  to  tit  80  well,  tliat  tlio  only  signs  of  their  having  ln-on  <lisDnitf4 
was  the  wnat  of  coiTei'[H>ikJL-nc<:  in  tbu  courses  of  dtunc  on  cither  li^ 

of  tha  rent. 


iiii'U  Mw  a  sinne  wull  in  iho  t'onvent  of  tlin  Anirnjlir' 
■rruiiiiiivii,  wliii-h  )l:ii!  tin-  a[>|>cjir:in<'e  ol'  \l■^\'m••  ht^-n  ilrin-n  out 
■  -virlli.  It  r.;^L-nil.lr,l  :t  siniill  I.»v.t  ,itrht  or'ninp  f,ft  in  li-is 
little  in,-liri.-.l.  Thi^  cffe.-t.  ti,i  ^iiva,  was  pn-luo-.l  l'^ 
^t)1iil:iiliin  mill  c<>nH'i|U(;iit  !<iiikii)g  of  the  saniJv  soil  in  wlii>'ti 
1  Wi.S  .hig. 

me  ivi.lU  wImHi  l.ri.l  l.^-n  tlir.iwn  .li^ivn.  or  vi,.l,-n(ly  shiV^r 
Jloiittlyoiii.',  Till.'  ii-\iAia^c  iWiws  vun-  t>:irlfil  from  the  luortjr.  ii-  n 
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n  exact  monid  where  tbej  bad  retted ;  whereaa  in  other  cases 
rtar  waa  ground  to  dnst  between  the  itones. 
ipears  that  the  wave-like  motions  often  produced  eflects  pf  the 
iprieions  kind.  ThoB,  in  some  streeta  of  Monteleone,  every 
was  thrown  down  but  one;  in  others,  all  but  two;  aad  the 
gs  which  were  spared  were  often  scarcely  ia  the  least  d^ree 
.    In  many  citiea  of  Calabria,  all  the  most  sdld  buildings  were 

down,  while  those  which  were  slightly  built  escaped;  but  at 
o,  as  also  at  Messina  in  Sicily,  it  was  precisely  the  reverse,  the 
e  edifices  being  the  only  ones  that  stood. 

uru. — It  appears  evident  that  a  great  part  of  the  rending  and 
ig  of  the  ground  was  the  eflect  of  a  violent  motion  from  below 
Is ;  and  in  a  multitude  of  cases  where  the  rents  and  chasms 

and  closed  alternately,  we  mnst  suppose  that  the  earth  was  by 
leaved  up,  and  then  let  fall  again.  *  We  may  conceive  the  same 
o  be  produced  on  a  small  scale,  if,  by  some  mechanical  force,  a 
!nt  composed  of  targe  flags  of  stone  should  be  raised  up,  and 
lowed  to  fall  suddenly,  so  as  to  resume  its  original  poaitioa.  It 
all  pebbles  happened  to  be  Ijring  on  the  line  of  contact  of  twO' 
hey  would  fall  into  the  opening  when  the  pavement  rose,  and 
llowed  up,  so  that  no  trace  of  them  would  appear  after  the  aub- 
t  of  the  stones.  In  the  same  manner,  when  the  earth  was  up- 
,  large  houses,  trees,  cattle,  and  men  were  engulphed  in  an 

in  chasms  and  fissures ;  and  when  the  ground  sank  down 
the  earth  closed  upon  them,  so  that  no  vesdge  of  them  was  dis- 
ile  on  the  surface.  In  many  instances,  individu^s  were  swal- 
Dp  by  one  shock,  and  then  thrown  out  again  alive,  together 
rgejets  of  water,  by  the  shock  which  immediately  succeeded, 
'erocajme,  a  country  which,  according  to  the  Academicians,  was 
nf  in  a  most  extraordinary  manner,  the  fissures  ran  in  every 
m  "like  cracks  on  a  broken  pane  of  glass'  (see  fig.  7U.)i  and 
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)  greatly  widened,  lengthened,  and  deepened  by  the  violent  con- 
iona  of  March  28th.  In  the  territory  of  San  Fill  this  observer 
d  a  new  ravine,  half  a  mile  in  length,  two  feet  and  a  half  broad, 
twenty-five  feet  deep  ;  and  another  of  aimilar  dimensions  in  the 
tory  of  Roaarno.  A  ravine  nearly  a  mile  long,  lOS  feet  broad 
Chirty  feet  deep,  opened  in  the  district  of  PUiuno,  where,  also, 
^Ifs  were  caused  — one  in  a  place  called  Cersulle,  three  quarters 
mile  long,  150  feet  hroad,  and  above  one  hundred/eel  deep;  and 
ber  at  La  Fortuna,  nearly  a  quarter  of  a  mile  long,  above  thirty 
i  n  breadth,  and  no  less  than  225  feet  deep. 

the  district  of  Fosolano  three  gnlfs  opened :  one  of  thego 
ivred  200  feet  sqaare,  and  above  thirty  feet  deep ;  another  was 
ly  half  a  mile  long,  fifteen  feet  broad,  and  above  thirty  feet  deep ; 
•bird  was  750  feet  square.  Lastly,  a  calcareouR  mountain,  called 
^o,  at  the  southern  extremity  of  the  Italian  peninsula,  waa  cleft  in 
for  the  length  of  nearly  half  a  mile,  and  an  irregnlar  breadth  of 
y  feet.  Some  of  these  chasms  were  in  the  form  of  a  crescent. 
'  annexed  cut  (fig.  80.)  represents  one  by  no  means  remarkable  fur 
limensions,  which  remained  open  by  the  side  of  a  small  pass  over 


bill  of  St.  Angelo,  near  Soriano.     The  small  river  Mesima  is 
n  in  the  foreground. 
Formatum  of  circular  kollowi  and  new  lakei.  —  In  the  report  of 

Academy,  we  find  that  some  plains  were  covered  with  circular 
Iowa,  for  the  most  part  about  the  siie  of  corn  age- wheels,  hut  often 
aewbat  larger  or  smaller.  When  filled  with  water  to  within  a  foot 
two  of  the  surface,  they  appeared  like  wells  ;  but,  in  general,  they 
ra  filled  with  dry  sand,  sometimes  with  a  concave  surface,  and  at 
ter  times  convex,  (Se^  fig.  81.)  On  digging  down,  they  found 
tm  to  be  funnel-shaped,  and  the  moist  loose  sand  in  the  centre 
rked  the  tube  up  which  the  water  spouted.  The  annexed  cut  (fig. 
.)  repreeents  a  section  of  one  of  theae  inverted  cones  when  the 
,ter  bad  disappeared,  and  nothing  but  dry  micaceous  bsq^  T«nuaii«& 
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^r  A  small  circular  pond  of  similar  character  was  rormed  not  (a 

Putistena  (^ce  tig.  Ho.) ;  and  in  tiiQ  viciuJIy  of  Si-'miiiara,  a  lake  «u 
suddenly  caused  by  the  opening  of  a  great  chasm,  from  the  bottom  of 
wliich   water   issued.     This  lake  was   called    Lngo  del    Xolfilo.    Il 


i 


u  orttaqiukt  of  ITtt. 


entcoded  1785  feet  in  length,  by  937  in  breadth,  and  52  in  depth- 
The  inhabitants,  dreading  the  miasma  of  this  stagnant  pool,  wto- 
voured,  at  great  coat,  to  drain  it  by  canals,  but  without  succen.  ■*  ■■ 
was  fed  by  springs  issuing  from  the  Uoltoiu  of  the  deep  chkdm- 

Viveniio  stales,  that  near  Sitizeano  a  valley  was  nearly  filled  sp» 
a  level  with  the  high  grounds  on  each  aide,  by  tlio  eoorinoua  01^ 
detached  from  the  boundary  hills,  and  cast  down  into  (li«  oovne  * 
two  streams.  By  this  barrier  a  lake  was  formed  of  gresi  deplb.  ■bw' 
two  miles  long  anil  a  mile  broad.  The  same  author  mentions  tl*V 
upon  the  whole,  there  were  fifty  lakes  occasioned  during  the  cooW" 
aions  :  and  Ue  asaigns  \«»Kl\es  to  all  of  these,     llie  govcramenl  W 
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vejrora  ennmerated  215  lakes ;  but  they  included  in  tliis  number  many 
Bmatl  ponda. 

Conet  of  iand  thrown  up.  — Many  of  the  appearances  exhibited  in 
tbe  alluvial  plains,  such  as  springs  spouting  up  their  water  like 
fanntains  at  the  moment  of  the  shock,  have  been  supposed  to  indicate 
tbe  alternate  rising  and  einking  of  the  ground.  The  first  effect  of 
the  more  violent  shocks  was  usually  to  dry  up  the  rivers,  but  they 
immediately  afterwards  overflowed  their  banks.  In  marshy  places^ 
an  immense  number  of  cones  of  sand  were  thrown  up.  These  ap- 
pearances Hamilton  explains,  by  supposing  that  the  first  movement 
raised  the  fissured  plain  from  below  upwards,  bo  that  the  rivers  and 
stagnant  waters  in  bogs  sank  down,  or  at  least  were  not  upraised 
with  the  soil.  But  when  the  ground  returned  with  violence  to  its 
former  position,  the  water  was  thrown  up  in  jets  through  fissures.* 

The  phenomenon,  according  to  Mr.  Mallet,  may  be  simply  aa 
accident  contingent  on  the  principal  cause  of  disturbance,  the  rapid 
transit  of  the  earth-wave.  "  The  sources,"  be  says,  "  of  copious 
springs  usually  lie  in  flat  plates  or  fissures  filled  with  water,  whether 
issuing  from  solid  rock,  or  from  loose  materials ;  now,  if  a  vein,  or 
ihin  fiat  cavity  filled  with  water,  be  in  such  a  position  that  the 
plane  of  the  plate  of  water  or  fissure  be  transverse  to  tbe  line  of 
transit  of  the  earth-wave,  the  effect  of  the  arrival  of  the  earth-wave 
at  the  watery  fissure  will  be,  at  the  instant,  to  compress  its  waits 
more  or  less  together,  and  so  squeeze  out  the  water,  which  will,  for  a 
moment,  gush  up  at  the  springhead  like  a  fountain,  and  again  remain 
in  repose  after  the  transit  of  the  wave.  " 

Gradual  closing  in  of  jUs»res.  —  Sir  W.  Hamilton  was  shown 
several  deep  fissures  in  the  vicinity  of  Mileto,  which,  although  not  one 
of  thetni  was  above  a  foot  in  iH'eadth,  hod  opened  so  wide  dnring  the 
earthqnake  as  to  swallow  an  ox  and  nearly  one  hundred  goats.  The 
Acftdemicians  also  found,  on  their  return  through  districts  wUeh  th^ 

*  FhiL  Tnuis.  vol  Ixxiii.  p,  IBO. 
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had  passed  at  tiie  commencement  of  their  tour,  that  many  rente  fa 
in  tliat  short  interval,  gradually  closed  in,  eo  that  their  width  ]> 
diminished  eeveral  feel,  and  the  opposite  walls  had  sometimes  nt^arlf 
met.     It  is  natural  that  tliis  should   happen  in  argillaceous  sinU, 
while,  in  more  solid  rocks,  we  may  expect  that  fissures  will  rematn 
open  for  ages.     Should  this  be  ascertained  to  be  a  general  fact  is 
countries  convulsed  by  earthquakes,  it  may  affbrd  a  satisfactory  ei- 
planation  of  a.  common  phenomenon  in  mineral  veins.     Such  Teini 
often  retain  their  full  sise  ao  long  as  the  rocks  coneist  of  limestone, 
granite,  or  other  indurated  materials ;  but  they  contract  their  dimeti' 
sions,  become  mere  threads,  or  are  even  eotirclycut  off,  where  maiMf 
of  on  argilUceouB  nature  are  interposed.     If  we  suppose  the  fiUiog   . 
up  of  fissures  with  metallic  and  other   ingredients  to  be  a  proeea 
requiring  ages  for  its  completion,  it  is  obvious  tliat  the  opposite  wtib   < 
of  rents,  where  strata  consist  of  yielding  materials,  must  coUapie  or 
approach  very  near  to  each  other  before  sufficient  time  is  allowed  lor 
the  accretion  of  a  large  quantity  of  veinstone. 

Thermal  watert  auffjnented.  —  It  is  stated  by  Grimoldi,  thftt  tka 
thermal  waters  of  St.  Eufemia.  in  Terra  di  Amato,  which  first  bum 
out  during  the  earthquake  of  1638,  acquired,  in  February,  1783,  u 
aagnientation  both  in  quantity  and  degree  of  heat.  This  fnct  appear* 
to  indicate  a  connection  between  the  heat  of  the  interior  and  ths 
fissures  caused  by  the  Calabrinn  earthquakes,  ootwithstanding  tha 
absence  of  volcanic  rocks,  either  ancient  or  modern,  in  that  district 

Bounding  of  detached  masses  into  the  air. —  The  violence  of  tb* 
movement  of  the  ground  upwards  was  singularly  illustrated  by  what 
the  Academicians  call  the  "sholzo,  "  or  bounding  into  the  air,  to  tha 
height  of  several  yards,  of  masses  slightly  adhering  to  the  BBrfae& 
In  some  towns  a  great  part  of  the  pavement  stones  were  thrown  ap, 
and  found  lying  with  their  lower  sides  uppermost.  In  tbeae  caaa, 
we  must  suppose  that  they  were  propelled  upwards  by  the  monwDtam 
which  they  had  acquired ;  and  that  the  adhesion  of  one  end  cf  the 
mass  being  greater  than  that  of  the  other  a  rotatory  motion  had  beta 
communicated  to  themu  When  the  stone  was  projected  to  a  Buffideal 
height  to  perform  somewhat  more  than  a  quarter  of  a  revolution  in 
the  air,  it  pitched  down  on  its  edge,  and  felt  with  its  lower  mUm 
uppermost. 

Effects  of  earthquakes  an  the  excavations  of  valleys.  —  The  next 
class  of  efiects  to  be  considered,  are  those  more  immediately  cooDectad 
with  the  formation  of  valleys,  in  which  the  action  of  water  was  oftta 
combined  with  that  of  the  earthquake.  The  country  agitated  * 
composed,  as  before  stated,  chiefly  of  argillaceous  strata,  inte 
by  deep  narrow  valleys,  sometimes  from  500  to  600  feet  deep.  Al 
the  boundary  clifis  were  in  great  part  vertical,  it  will  readily  In 
conceived  that,  amidst  the  various  movements  of  the  eanlv  ^ 
precipices  overhanging  rivers,  being  without  support  on  oae  sd^ 
were  often  thrown  down.  We  find,  indeed,  that  iDiuidatioBa  pr^ 
duced  by  obstructions  in  river-courses  ore  among  the  most  diaaititMt 
coDsequences  of  gre«,tea]l!kw\uA.«aVa«3^^«zta  of  the  wori^  fiirtbt 
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alluyial  plains  in  the  bottoms  of  valleys  are  usually  the  most  fertile 
and  well-peopled  parts  of  the  whole  country ;  and  whether  the  site  of 
a  town  is  above  or  below  a  temporary  barrier  in  the  channel  of 
a  river,  it  is  exposed  to  injury  by  the  waters  either  of  a  lake  or 
flood. 

Landslips. — From  each  side  of  the  deep  valley  or  ravine  of 
Terranuova,  enormous  masses  of  the  adjoining  Hat  country  were 
detached,  and  cast  down  into  the  course  of  the  river,  so  as  to  give  rise 
to  great  lakes.  Oaks,  olive-trees,  vineyards,  and  corn,  were  often 
seen  growing  at  the  bottom  of  the  ravine,  as  little  injured  as  their 
former  companions,  which  still  continued  to  flourish  in  the  plain 
above,  at  least  500  feet  higher,  and  at  the  distance  of  about  three 
quarters  of  a  mile.  In  one  part  of  this  ravine  was  an  enormous 
mass,  200  feet  high  and  about  400  feet  at  its  base,  which  had  been 
detached  by  some  former  earthquake.  It  is  well  attested,  that  this 
mass  travelled  down  the  ravine  nearly  four  miles^  havii^  been  put 
in  motion  by  the  earthquake  of  the  6th  of  February.  Hamilton, 
after  examining  the  spot,  declared  that  this  phenomenon  might  be 
accounted  for  by  the  declivity  of  the  valley,  the  great  abundance 
of  rain  which  fell,  and  the  great  weight  of  the  alluvial  matter  which 
pressed  behind  it.  Dolomieu  also  alludes  to  the  fresh  impulse  de- 
rived from  other  masses  falling,  and  pressing  upon  the  rear  of  those 
first  set  in  motion. 

The  first  account  sent  to  Naples  of  the  two  great  slides  or  landslips 
above  alluded  to,  which  caused  a  great  lake  near  Terranuova,  was 
couched  in  these  words  :  —  *.^  Two  mountains  on  the  opposite  sides  of 
a  valley  walked  from  their  original  position  until  they  met  in  the 
middle  of  the  plain,  and  there  joining  together,  they  intercepted  the 
course  of  a  river,"  &c.  The  expressions  lAre  used  resemble  singularly 
those  applied  to  phenomena,  probably  very  analogous,  which  are 
said  to  have  occurred  at  Fez,  during  the  great  Lisbon  earthquake,  as 
also  in  Jamaica  and  Java  at  other  periods. 

Not  far  from  Soriano,  which  was  levelled  to  the  ground  by  the 
great  shock  of  February,  a  small  valley,  containing  a  beautiful  olive* 
grove,  called  Fra  Ramondo,  underwent  a  most  extraordinary  revo- 
lution. Innumerable  fissures  first  traversed  the  river-plain  in  all 
directions,  and  absorbed  the  water  until  the  argillaceous  substratum 
became  soaked,  so  that  a  great  part  of  it  was  reduced  to  a  state  of 
fluid  paste.  Strange  alterations  in  the  outline  of  the  ground  were 
the  consequence,  as  the  soil  to  a  great  depth  was  easily  moulded  into 
any  form.  In  addition  to  this  change,  the  ruins  of  the  neighbouring 
hills  were  precipitated  into  the  hollow ;  and  while  many  olives  were 
uprooted,  others  remained  growing  on  the  fallen  masses,  and  inclined 
at  various  angles  (see  fig.  84.).  The  small  river  Caridi  was  entirely 
concealed  for  many  days ;  and  when  at  length  it  reappeared,  it  had 
shaped  for  itself  an  entirely  new  channeL 

Buildings  transported  entire  to  great  distances. — Near  Seminara 
an  extensive  olive-gpround  and  orchard  were  hurled  to  a  distance  of 
two  hundred  feet,  into  a  valley  axty  feet  in  depth*    At  XYi<t  «KBi^ 

II  d 


time  a  deep  chaam  was  riven  in  aiiolUer  pnrt  of  the  liigh  platfnrm 
from  ivhicli  the  orchard  had  been  detached,  and  the  river  imniediatrtjr 
eniered  the  fissure,  leaving  its  former  bed  completely  dry.  A  gmill 
inhabited  house,  alanding  on  the  mass  of  earth  carried  down  tnio  tbe 
valley,  went  along  wilh  it  entire,  and  nithout  injury  to  the  inhi* 
bitants.  The  olive-trt'cs,  also,  continued  to  grow  on  the  land  whirt 
had  slid  into  the  valley,  and  bore  the  gome  year  an  abundunt  crop  of 
fruit.  ' 

Two  tracts  of  land  on  which  a  great  part  of  the  town  of  PoUsleM 
stood,  consisting  of  some  hundreds  of  houaea,  wvre  detached  into* 
contiguous  ravine,  and  nearly  across  it,  about  half  a  mile  from  their 
original  site ;  and  what  is  most  extraordinary,  several  of  the  inlii- 
bitants  were  dug  out  from  the  ruins  alive  and  unhurt. 

Two  tenements,  near  Mileto,  called  the  Macim  and  Vaticano,  ooen- 
pying  an  extent  of  ground  about  a  mile  long  and  half  s  mile  bnwi 
were  carried  for  a  mile  down  a  valley.  A  thatched  cottage,  togeAir 
with  large  olive  and  mulberry  trees,  most  of  which  remained  erecl. 
were  carried  uninjured  to  this  eitraordinary  distance.  AccordincH 
Hamilton,  the  surface  removed  had  been  long  undermined  by  rivnlce. 
which  were  afterwards  in  full  view  on  the  bare  spot  deserted  by  tU 
tenements.  The  earthtjualce  seems  to  have  opened  a  passage  in  tk 
adjoining  argillaceous  hills,  which  admitted  water  charged  with  loo* 
soil  into  the  subterranean  channels  of  the  rivulets  immediately  anin 
the  tenements,  bo  that  the  foundations  of  the  ground  set  in  motiiH 
by  the  earthquake  were  loosened.  Another  example  of  eubsidfnM 
where  the  edifices  were  not  destroyed,  is  mentioned  by  Grimaldi,  »» 
having  taken  plaee  in  the  city  of  OfttanEoro,  the  capital  of  the  f<r>- 
vincG  of  that  name.    Tb,t^  Wxis^  io  the  quarter  called  San  Giiuepr* 
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subsided  with  the  ground  to  various  depths  from  two  to  four  feet,  but 
the  buildings  remained  uninjured. 

It  would  be  tedious,  and  our  space  would  not  permit  u?,  to  follow 
the  different  authors  through  their  local  details  of  landslips  produced 
io  minor  valleys ;  but  they  are  highly  interesting,  as  showing  to 
bow  great  BD  extent  the  power  of  rivers  to  widen  valleys,  and  to 
carry  away  large  portions  of  soil  towards  the  sea,  is  increased  where 
earthquakes  are  of  periodical  occurrence.  Among  other  territories, 
that  of  Cinquefrondi,  was  greatly  convulsed,  various  portions  of  soil 
being  raised  or  sunk,  and  innumerable  fissures  traversing  the  country 
in  all  directions  (see  fig.  85.).     Along  the  flanlcs  of  a  small  valley  in 


this  district  there  appears  to  have  been  an  almost  uninterrupted  line 
of  landslips. 

Currentt  of  mud.  —  Near  S.  Lucido,  among  other  places,  the  soil 
ia  described  as  having  been  "dissolved,"  so  that  large  torrents  of 
mud  inundated  all  the  low  grounds,  like  lava.  Just  emerging  from 
this  mud,  the  tops  only  of  trees  and  of  the  ruins  of  farm-houses  were 
seen.  Two  miles  from  Laureana,  the  swampy  soil  in  two  ravines 
became  fiUed  with  calcareous  matter,  which  oozed  out  from  the 
ground  immediately  before  the  first  great  shock.  This  mud,  rapidly 
accumulating,  began,  ere  long,  to  roll  onward,  like  a  flood  of  lava, 
into  the  valley,  where  the  two  streams  uniting,  moved  forward  with 
increased  impetus  from  east  to  west.  It  now  presented  a  breadth  of 
225  feet  by  15  io  depth,  and,  before  it  ceased  to  move,  covered  a 
mirfoce  equal  in  length  to  an  Italian  mile.  In  its  progress  it  over- 
whelmed a  flock  of  thirty  goats,  and  tore  up  by  the  roots  many  olive 
and  mulberry  trees,  which  floated  like  ships  upon  its  surface.  When 
this  calcareous  lava  had  ceased  to  move,  it  gradually  became  dry  and 
bard,  during  which  process  the  mass  was  lowered  seven  feet  and  a 
bolf-  It  contained  fragment^of  earth  of  a  ferruginous  colour,  and 
enittiag  a  sulphnreons  smell. 
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Fall  of  tike  »ta-diff».  —  Along  llie  sea-coast  of  the  Straits  trf  Mw- 
sina,  near  tliecclebrated  rock  of  Scilla,  the  full  of  huge  masses  deturlwJ 
from  the  bold  and  lofty  cliffs  overwhetmet]  manj  vilhis  ood  gnrdctu. 
At  Gian  Greco,  a  continuous  lioe  of  eliU^  for  a  mile  in  lengtb,  vu 
thrown  down.  Great  agitation  was  frequently  observed  ia  the  IimI 
of  the  aea  during  the  shocks,  and,  on  those  parts  of  the  coast  wbere 
the  movement  was  moat  violent,  all  kinds  of  fish  were  taken  !■ 
abundance,  and  with  unusual  facility.  Some  rare  species,  as  iM 
called  Cicirelli,  which  usually  lie  buried  in  the  sand,  were  taken  m 
the  surface  of  the  waters  in  great  quantity.  The  sea  is  said  to  han 
boiled  up  near  Measioa  and  to  have  been  agitated  as  if  by  a  copiDU 
discharge  of  vapours  from  its  bottom. 

Slutre  near  Sciila  inujidaled. — The  ^prince  of  Scilla  had  pCT- 
suuded  a  great  port  of  bis  vassals  to  betake  tll<^mselv^  to  lixir 
fishing-boats  for  safety,  and  he  himself  bad  gone  on  board.  On  (b« 
night  of  the  5th  of  February,  when  some  of  tlie  people  were  sleeping 
in  the  boats,  and  others  on  a  level  plain  slightly  elevated  above  ibt 
eea,  the  earth  rocked,  and  suddenly  a  great  mass  was  torn  Cram  lli* 
contiguous  Mount  Jaci,  and  thrown  down  with  a  dreadful  aaah  ofiM 
the  pUin.  Immediately  afterwards,  the  sea,  riung  more  than  tmtatf 
feet  above  the  level  of  this  low  tract,  rolled  foaming  ov«r  it,  u^ 
swept  anay  the  multilude.  It  then  retreated,  but  soon  rudhe4  Lack 
again  with  greater  violence,  bringing  with  it  some  of  the  pn^le  asd 
aninials  it  had  (»krried  away.  At  the  same  time  every  boat  waa  sunk 
or  dashed  against  the  beaeh,  and  some  of  them  were  swept  far  iataiid 
The  aged  prince,  with  1430  of  his  people,  was  destroyed. 

State  of  Sirontboli  and  Etna  daring  the  tkochs.  —  The  inhabit- 
ants of  I'izzo  remarked  that,  on  the  6th  of  February,  17S3,  wbcft 
the  first  great  shock  afflicted  Calabria,  the  volcano  of  Scrombeli, 
which  is  in  full  view  of  that  town,  and  at  tlie  distance  of  about  fiftjr 
miles,  smoked  less,  and  threw  up  a  less  quiuitity  of  inflamed  matur 
than  it  bad  done  for  some  years  previously.  On  the  other  baod,  the 
great  crater  of  Etna  is  said  to  have  given  out  a  considerable  quantity 
of  vapour  towards  the  beginning,  and  Stromboli  towards  the  close,  uf 
the  commotions.  But  as  no  eruption  happened  from  either  of  these 
great  vents  during  the  whole  earthquake,  the  sources  of  tlie  Calahrian 
convulsions,  and  of  the  volcanic  &res  of  Etna  and  Stromboli,- appeal 
to  be  very  independent  of  each  other;  unless,  indeed,  they  hare  llw 
some  mutual  relation  as  Vesuvius  and  the  volcanos  of  tbe  Pblegneaa 
Fields  and  Ischia,  a  violent  disturbance  in  one  district  serring  m  a 
safety-valve  to  the  other,  and  both  never  being  in  full  activity  at  oac& 

Excavation  ofralleffi. — It  is  impossible  for  the  geologist  to  coe> 
sider  attentively  the  eflect  of  this  sii^le  earthquake  of  1783,  tui  W 
look  forward  to  the  alterations  in  tlie  physical  condidoii  of  ibt 
country  to  which  a  continued  series  of  such  movementd  will  hereaflir 
give  rise,  without  perceiving  that  the  formation  of  vall«y>  by 
running  water  can  never  be  understood,  if  wo  consider  the  quettiM 
independently  of  the  agency  of  carttiqii^ca.  It  must  not  bu  iiaaginal 
ibat  rivers  only  begin  to  act  when  a  country  is  already  elevBtad  te 
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above  the  lerel  of  the  aea,  for  their  action  must  of  necessity  be  most 
powerful  while  land  is  rising  and  sinking  hj  successive  movements* 
Whether  Calabria  is  now  undergoing  anj  considerable  change  of 
relative  level,  in  regard  to  the  sea,  or  is,  upon  the  whole,  nearly 
stationary,  is  a  question  which  our  observations,  confined  almost  en- 
tirely to  the  last  half  century,  cannot  possibly  enable  us  to  determine. 
But  we  know  that  strata,  containing  species  of  shells  identical  with 
those  now  living  in  the  contiguous  parts  of  the  Mediterranean,  have 
been  raised  in  that  country,  as  they  have  in  Sicily,  to  the  height  of 
several  thousand  feet. 

Now,  those  geologists  who  grant  that  the  present  course  of  Nature 
in  the  inanimate  world  has  continued  the  same  since  the  existinsr 
species  of  animals  were  in  being,  will  not  feel  surprised  that  the 
Calabrian  streams  and  rivers  have  cut  out  of  such  comparatively 
modern  strata  a  great  system  of  valleys,  varying  in  depth  from  fifty 
to  six  hundred  feet,  and  often  several  miles  wide,  if  they  consider 
how  numerous  may  have  been  the  shocks  which  accompanied  the  up« 
lifting  of  those  recent  marine  strata  to  so  prodigious  a  height.  Some 
speculators,  indeed,  who  disr^ard  the  analogy  of  existing  Nature, 
and  who  are  always  ready  to  assume  that  her  forces  were  more 
energetic  in  by-gone  ages,  may  dispense  with  a  long  series  of  move- 
ments, and  suppose  that  Calabria  ''rose  like  an  exhalation"  from  the 
deep,  after  the  manner  of  Milton's  Pandemonium.  But  such  an  hy- 
pothesis would  deprive  them  of  that  peculiar  removing  force  required 
to  form  a  regular  system  of  deep  and  wide  valleys ;  for  time,  which 
they  are  so  unwilling  to  assume,  is  essential  to  the  operation.  Time 
must  be  allowed  in  the  intervals  between  distinct  convulsions,  for 
running  water  to  clear  away  the  ruins  caused  by  landslips,  otherwise 
the  fallen  masses  will  serve  as  buttresses,  and  prevent  the  succeeding 
earthquake  from  exerting  its  full  power.  The  sides  of  the  valley  must 
be  again  cut  away  by  the  stream,  and  made  to  form  precipices  and  over* 
hanging  clifis,  before  the  next  shock  can  take  effect  in  the  same  manner. 

Possibly  the  direction  of  the  succeeding  ^ock  may  not  coincide 
with  that  of  the  valley,  a  great  extent  of  adjacent  country  being 
equally  shaken.  Still  it  will  usually  happen  that  no  permanent 
geographical  change  will  be  produced  except  in  valleys.  In  them 
alone  will  occur  landslips  from  the  boundary  cliffs,  and  these  will 
frequently  divert  the  stream  from  its  accustomed  course,  causing  the 
original  ravine  to  become  both  wider  and  more  tortuous  in  its 
direction. 

If  a  single  convulsion  of  extreme  violence  should  agitate  at  once 
an  entire  hydrographical  basin,  or  if  the  shocks  should  follow  each 
other  too  rapidly,  the  previously  existing  valleys  would  be  annihi- 
lated, instead  of  being  modified  and  enlarged.  Every  stream  might 
in  that  case  be  compelled  to  begin  its  operations  anew,  and  to  shape 
oat  new  channels,  instead  of  continuing  to  deepen  and  widen  those 
already  excavated.  But  if  the  subterranean  movements  have  been 
intermittent,  and  if  sufficient  periods  have  always  intervened  between 
tbe  severer  shoeks  to  allow  Uie  drainage  of  the  couniry  \o^^ik^«^7 
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restored  to  its  original  slate,  then  are  both  the  kind  snd  degree  of 
force  supplied  by  which  runniog  water  may  hollow  out  valleys  of  anj 
depth  or  size  consistent  with  the  elevatioD  above  the  sea  which  tlw 
districts  drained  by  them  may  have  attained. 

When  ive  read  of  the  drying  up  and  desertion  of  the  channebof 
riTers,  the  acconnta  most  fre<|nently  refer  to  their  defleclton  iirto 
Bome  other  part  of  the  same  alluvitd  plain,  perhaps  several  mile* 
distant.  Under  certain  circumstancea,  a  change  of  level  may  nn- 
doubtedly  force  the  water  le  flow  over  into  some  diAtinct  Lydn^ 
graphical  basin  ;  but  even  then  it  will  fall  immediately  into  some  otlier 
Byatem  of  valleys  already  formed- 

We  learn  from  hiBiory  that,  ever  aince  the  first  Greek  cotomM* 
settled  in  Calabna,  that  region  has  been  subject  to  devastation  by 
oarthquakes;  and,  fur  the  last  century  and  a  half,  ten  yrars  havt 
seldom  elapsed  without  a  shuck;  but  the  severer  convulslooa  have  not 
only  been  separated  by  intervab  of  twenty,  fifty,  or  one  bondrri 
years,  but  have  not  affecled  precisely  the  same  poiola  when  Umj 
recurred.  Thus  the  eanhqilake  of  1 783,  although  confioed  within  Um 
aame  geographical  limits  as  that  of  163S,  and  not  very  inferior  !■ 
violence,  visited,  according  to  Grimaldi,  very  different  districts.  Tho 
points  where  the  local  intensity  of  the  foree  ia  developed  being  tliiw 
perpetually  varied,  more  time  is  allowed  lor  the  removal  of  sepaiau 
mountain  masses  thrown  into  river-channels  by  each  shock. 

Number  of  ptr»om*  vsko  peruhed  during  ike  earthquake.  —  The 
number  of  persons  who  perished  during  the  earthquake  in  the  two  C*- 
labri&s  and  Sicily,  is  estimated  hj  Hamilton  at  about  forty  ihoosand; 
and  about  twenty  thousand  more  died  by  epidemics,  which  wen 
eaused  by  insufficient  nourishment,  exposure  to  the  atmosphere  »ai 
malaria,  arising  from  the  new  stagnant  lakes  and  pools. 

By  far  the  greater  number  were  bnried  under  the  ruins  of  their 
booses ;  but  many  were  burnt  to  death  in  the  con  Hag  rat  ions  which 
absost  invariably  followed  the  shocks.  These  fires  raged  the  mora 
violently  in  some  cities,-  such  as  Oppido,  from  the  immense  magasiiies 
of  oil  which  were  consumed. 

Many  persons  were  engulfed  in  deep  fissures,  especially  th^  pea- 
sants when  flying  across  the  open  country,  and  their  skeletons  nay 
perhaps  be  buried  in  the  earth  to  this  day,  at  the  depth  of  scTtfal 
hundred  feet. 

When  Dolomieu  visited  Messina  after  the  shock  of  Feb.  JStb,  bft 
describes  the  city  as  still  presenting,  at  least  at  a  distance,  an  inper* 
feet  image  of  its  ancient  splendour.  Every  house  was  injured,  bat 
the  walls  were  standing :  the  whole  population  had  taken  refnge  >* 
wooden  huts  in  the  neighbourhood,  and  all  was  solitude  and  silenM 
in  the  streets:  it  seemed  as  if  the  city  bad  been  desolated  by  tka 
plague,  and  the  impression  made  upon  his  feelings  was  that  tk  n^ 
lancholy  and  sadness.  "But  when  I  passed  over  lo  Calabria,  md 
first  beheld  Polisteaa,  the  scene  of  horror  almost  derived  me  of  nj 
faculties ;  my  mind  was  filled  with  mingled  compassioo  aitd  tenv; 
nothing  tiad  escaped-,  ill  '««&  teveUed  with  the  dual:  not  k  vagia 
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house  or  piece  of  wall  remained;  on  all  sides  were  heaps  of  stone  so 
destitute  of  form,  that  they  gave  no  conception  of  there  ever  having 
been  a  town  on  the  spot  The  stench  of  the  dead  bodies  still  rose 
from  the  ruins.  I  conversed  with  manj  persons  who  had  been  buried 
for  three,  four,  and  even  for  five  days ;  I  questioned  them  respecting 
their  sensations  in  so  dreadful  a  situation,  and  they  agreed  that,  of  all 
the  physical  evils  they  endured,  thirst  was  the  most  intolerable ;  and 
that  their  mental  agony  was  increased  by  the  idea  that  they  were 
abandoned  by  their  friends,  who  might  have  rendered  them  assist-* 
luaoe."* 

It  is  supposed  that  about  a  fourth  part  of  the  inhabitants  of  Polls* 
tena,  and  of  some  other  towns,  were  buried  alive,  and  might  have 
been  saved  had  there  been  no  want  of  hands ;  but  in  so  general  a 
calamity,  where  each  was  occupied  with  his  own  misfortunes  or  those 
of  his  family,  aid  could  rarely  be  obtained.  Neither  tears,  nor  sup- 
plications, nor  promises  of  high  rewards  were  listened  to.  Many 
acts  of  self-devotion,  prompted  by  parental  and  conjugal  tenderness, 
or  by  friendship,  or  the  gratitude  of  faithful  servants,  are  recorded ; 
but  individual  exertions  were,  for  the  most  part,  ineffectual.  It  fre- 
quently happened,  that  persons  in  search  of  those  most  dear  to  them 
could  hear  their  moans, — could  recognize  their  voices — were  certain 
of  the  exact  spot  where  they  lay  buried  beneath  their  feet,  yet  could 
afford  them  no  succour.  The  piled  mass  resisted  all  their  strength, 
and  rendered  their  efforts  of  no  avail. 

At  Terranuova,  four  Augustin  monks,  who  had  taken  refuge  in  a 
Taulted  sacristy,  the  arch  of  which  continued  to  support  an  immense 
pile  of  ruins,  made  their  cries  heard  for  the  space  of  four  days. 
One  only  of  the  brethren  of  the  whole  convent  was  saved,  and  "of 
what  avail  was  his  strength  to  remove  the  enormous  weight  of  rubbish 
which  had  overwhelmed  his  companions?''  He  heard  their  voices 
die  away  gradually ;  and  when  afterwards  their  four  corpses  were 
disinterred,  they  were  found  clasped  in  each  other's  arms.  Affecting 
narratives  are  preserved  of  mothers  saved  after  the  fifth,  sixth,  and 
even  seventh  day  of  their  interment,  when  their  infants  or  children 
Itad  perished  with  hunger. 

It  might  have  been  imagined  that  the  sight  of  sufferings  such  as 
these  would  have  been  sufficient  to  awaken  sentiments  of  humanity 
and  pity  in  the  most  savage  breasts ;  but  while  some  acts  of  heroism 
are  related,  nothing  could  exceed  the  general  atrocity  of  conduct 
displayed  by  the  Calabrian  peasants :  they  abandoned  the  farms,  and 
flocked  in  great  numbers  into  the  towns — not  to  rescue  their  country- 
men from  a  lingering  death,  but  to  plunder.  They  dashed  through 
the  streets,  fearless  of  danger,  amid  tottering  walls  and  clouds  of  dust, 
trampling  beneath  their  feet  the  bodies  of  the  wounded  and  half- 
baried,  and  often  stripping  them,  while  yet  living,  of  their  clothes.f 

Concluding  remarks.  —  But  to  enter  more  fully  into  these  details 

*  PlnkerUm's  Voyages  and  Travels,       f  Dolomien,  ibid. 
Yol.  V.  as  cited  above  p.  455.  note. 
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vould  be  foreign  to  the  purpose  of  the  present  work,  and  BevenI 
Tolames  would  be  required  to  give  tbe  reader  a  Jusi  idea  of  the 
sufforinga  wlucli  the  inliabitants  of  many  populouit  districts  b*n 
undergone  during  tlie  earthquakea  of  the  last  150  years.  A 
mention  of  tbe  loss  of  life  —  aa  tbat  fifty  or  a  liundred  thousand  i 
perished  in  one  catastrophe  —  conveys  to  the  reader  no  idea  rf 
the  extent  of  misery  inflicted  :  we  must  learn,  from  the  namtina  tl 
eTe-witnesses,  the  various  forms  in  which  dtath  was  encountered, die 
numbers  who  escaped  with  loss  of  limbs  or  serious  bodily  iojunei^ 
and  the  multitude  who  were  suddenly  reduced  to  penury  and  i 
It  has  been  often  remarked,  tliat  the  dread  of  earthquakes  is  stron^eM 
in  the  minds  of  those  who  hare  experienced  them  most  frequently  t 
whereas,  in  the  case  of  almost  every  other  danger,  familiarity  with  p^ 
renders  men  intrepid.  The  reason  is  obvious — scarcely  any  parttMriht 
mischief  apprehended  in  this  instance  is  imaginary;  the  first  she^ 
is  often  tbe  most  destructive:  and,  as  it  may  occur  in  the  dead  *t 
the  night,  or  if  by  day,  without  giving  tbe  least  warning  of  ii 
approach,  no  forethought  can  guard  gainst  it ;  and  when  lb«  coi 
vulsion  has  begun,  no  skill,  or  courage,  or  presence  of  raind,  eaa 
point  out  the  path  of  safety.  During  the  intervala,  of  unoe 
dumtioD,  between  the  more  fatal  shocks,  slight  tremors  nf  thi 
are  not  unfrequent;  and  as  these  sometimes  precede  more  violent 
convulsions,  they  become  a  source  of  anxiety  and  alarm.  The 
terror  arising  from  this  cause  alone  is  of  itself  no  inconsiderable 
evil 

Although  sentiments  of  pure  religion  are  frequently  awakened  by 
these  awful  visitations,  yet  we  more  commonly  find  that  an  habitail 
■late  of  fear,  a  sense  of  helplessness,  and  a  belief  in  the  futility  of  all 
human  exertions,  prepare  tbe  minds  of  the  vulgar  for  the  influence  of 
a  demoralizing  superstition. 

Where  earthquakes  are  frequent,  there  can  never  be  perfed 
security  of  property  under  the  best  government ;  industry  cannot  be 
assured  of  reaping  the  fruits  of  its  labour ;  and  the  most  daring  acts 
of  outrage  may  occasionally  be  perpetrated  with  impunity,  when  the 
arm  of  tbe  law  is  paralysed  by  the  general  consternation.  It  is 
hardly  necessary  to  add,  that  the  progress  of  civilization  and  natioosl 
wealth  must  be  retarded  by  convulsions  which  level  cities  to  tbs 
ground,  destroy  harbours,  render  roads  impassable,  and  cause  tbt 
most  cultivated  valley-plains  to  be  covered  with  lakes,  or  the  niiiiaaf 
adjoining  hills. 

Those  geologists  who  imagine  that,  at  remote  periods  ere  nil 
became  a  sojourner  on  earth,  the  volcanic  agency  was  more  enetjelie 
than  now,  should  be  careful  to  found  their  opinion  on  Gtrid  ge^ 
logical  evidence,  and  not  permit  themselves  to  be  biassed,  aa  tbey 
have  often  been,  by  a  notion,  that  the  disturbing  force  would  prob^f 
be  mitigated  for  the  sake  of  man. 

I  shall  endeavour  to  point  out  in  the  sequel,  that  the  genenl 
tendency  of  subterranean  movements,  when  their  effects  are  eoa* 
sidered  for  a  sufficient  lapse  of  ages,  is  eminently  beneficial  and  tW 
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they  constitute  an  essential  part  of  that  mechanism,  by  which  the 
integritj  of  the  habitable  surface  is  preserved,  and  the  very  existence 
and  perpetuation  of  dry  land  secured.  Why  the  working  of  this 
same  machinery  should  be  attended  with  so  much  evil,  is  a  mystery 
far  beyond  the  reach  of  our  philosophy,  and  must  probably  remain  so 
until  we  are  permitted  to  investigate,  not  our  planet  alone  and  its 
inhabitants,  but  other  parts  of  the  moral  and  material  universe  with 
which  they  may  be  connected.  Could  our  survey  embrace  other 
worlds,  and  the  events,  not  of  a  few  centuries  only,  but  of  periods  as 
indefinite  as  those  with  which  geology  renders  us  familiar,  some 
apparent  contradictions  might  be  reconciled,  and  some  difficulties 
would  doubtless  be  cleared  up.  But  even  then,  as  our  capacities  are 
finite,  while  the  scheme  of  the  universe  may  be  infinite,  both  in  time 
and  space,  it  is  presumptuous  to  suppose  that  all  sources  of  doubt  and 
perplexity  would  ever  be  removed.  On  the  contrary,  they  might, 
perhaps,  go  on*  augmenting  in  number,  although  our  confidence  in  the 
wisdom  of  the  plan  of  Nature  should  increase  at  the  same  time;  for  it 
has  been  justly  said,  that  the  greater  the  circle  of  light,  the  greater 
the  boundary  of  darkness  by  which  it  is  surrounded.* 
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EABTHQUAKBS — continued. 

Earthquake  of  Java,  1772 — Trancation  of  a  loftj  cone — St.  Domingo,  1770 

Lisbon,  1755:— Great  area  over  which  the  shocks  extended — Betreat  of  the  sea 
— Proposed  explanations — Conception  Bay,  1750 — Permanent  elevation — 
Pern,  1746— Java,  1699— Rivers  obstructed  by  landslips — Subsidence  in 
Sicily,  1693— Moluccas,  1693— Jamaica,  1692 — Large  tracts  engulphcd-* 
Portion  of  Port  Royal  sunk — Amount  of  change  in  the  last  150  years — Eleva- 
tion and  subsidence  of  land  in  Bay  of  Baiie--*  Evidence  of  the  same  afforded  by 
the  Temple  of  Serapis. 

In  the  preceding  chapters  we  have  considered  a  small  part  only  of 
those  earthquakes  which  have  occurred  during  the  last  seventy  ;f^arsy 
of  which  accurate  and  authentic  descriptions  happen  to  have  been 
TOcorded.  In  examining  those  of  earlier  date  we  find  their  number  so 
great  that  allusion  can  be  made  to  a  few  only  respecting  which 
information  of  peculiar  geological  interest  has  been  obtained. 

Java^  1772. —  Truncation  of  a  lofty  cone.  —  In  the  year  1772, 
Papandayang,  formerly  one  of  the  loftiest  volcanos  in  the  island  of 
Java,  was  in  eruption.  Before  all  the  inhabitants  on  the  declivities 
of  the  mountain  could  save  themselves  by  flight,  the  ground  began  to 
give  way^  and  a  great  part  of  the  volcano  fell  in  and  disappeared. 

*  Sir  H.  Davy's  Consolationa  in  Travdl,  p.  248. 
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It  is  estiwatpd  Ibat  an  extent  of  ground  of  the  mountain  itself  and  il 
immediate  environs,  llfieisn  miles  long  and  full  six  broad,  was  bj  Uiii 
commotion  awaliowed  up  in  the  bowels  of  the  earth.  Forty  viUag«a 
were  destroyed,  Bonie  being  engulphed  and  some  trovered  bj  lb* 
subetftnces  thrown  out  on  this  occasion,  and  29oT  of  the  iubabiUnll' 
perished.  A  proportioniile  number  of  cattle  were  also  killed,  nil 
most  of  the  plantations  of  cotton,  indigo,  and  coffee  in  the  adjtieeat 
districts  were  buried  under  the  volcanic  matter.  This  caiastroplM 
appears  to  huve  resembled,  aUhougli  on  a  grander  scale,  tliut  of  il« 
ancient  Vesuvius  in  the  year  79.  Tlie  cone  was  reduc«d  In  fafdfld. 
from  9000  to  about  5000  feet ;  and,  as  vapoura  still  escape  fmm  tlM 
CMttT  on  its  eummil,  a  new  cone  may  one  day  rise  out  of  the  rmn»  of 
the  ancient  mountain,  as  the  modern  Vesuvius  has  risen  from  tlW 
retnainx  of  Somma.* 

St,  Domingo,  1770.  —  During  a  tremeudous  earthquake  which  d«« 
stroyrd  a  iireut  part  of  St.  Domingo,  innumerable  lis^urcs  were  cbumI 
throughout  the  island,  from  which  mcphitic  vapours  emanated  and 
produced  an  epidemic.  Hot  sprinyt  burst  forth  in  many  )i4acM 
where  there  had  been  no  water  before;  but  after  it  time  they  camA: 
to  flow-t  ' 

In  a  previous  enrtlK|Uokp,  in  November,  1751,  a  violent  shock  if 
stu'jed  the  capitul,  Port  au  Frirce,  and  part  of  the  cuust,  tweniy 
leagues  in  tetigth,  sank  down,  and  has  ever  since  formed  a  bay  of 
the  aea-t 

Hindoitan,  1762.  — The  town  of  Chittagong,  in  BengiJ,  wU 
violently  shaken  by  an  earthquake,  on  the  2nd  of  April,  1762,  the 
earth  opening  in  many  places,  and  throwing  up  water  and  mud  uf  ■ 
sulphureous  nmell.  At  a  place  called  Bardnvan  a  large  river  wu 
dried  up;  and  at  Bar  Cliarri,  near  the  pen,  a  tract  of  ground  sunk 
down,  end  ZOO  people,  with  all  their  cattle,  were  lost.  It  ia  satd, 
that  sixty  square  miles  of  the  Chittagong  coast  suddenly  and  pa- 
manently  subsided  during  this  earthquake,  and  that  Ces-lung'Tooa, 
one  of  the  Mug  raonntains,  entirely  disappeared,  and  another  Mat 
so  low,  that  its  summit  only  remained  visible.  Four  hills  ar«  tito 
described  as  having  been  variously  rent  asunder,  leaving  open  cbuw 
from  thirty  to  sixty  feet  in  width.  Towns  which  subaided  severil 
cubits,  were  overflowed  with  water ;  among  others,  Deep  Gkd^ 
which  was  submerged  to  the  depth  of  seven  cubits.  Two  TolcasM 
are  said  to  have  opened  in  the  Secta  Cuuda  hills.  The  shock  wH 
also  felt  at  Calcutta. |  While  the  Chittagong  coast  was  sinking,! 
corresponding  rise  of  the  ground  took  place  at  the  island  of  Bamm 
and  at  Cheduba,  (see  Map,  fig.  39.  p.  351.).^ 

*  Dr.  norifield.Batav.  Ttaiu.  vol.  viii.  f  Hist  de  TArad.  da  Sdeacct.  ITS- 

p.  S6.     Dr.  H.  infbmu  me  that  he  haa  Buis. 

Bccn    Ihia    inineated    monntain  ;    and,  §  U*ClcU>Dd'«  BepoR  on  Wn.  B^ 

tbough  he  did  not  ucend  it,  he  baa  con-  kiiitc«s  of  ladia,  IS3S.  Calcutta    Vtt 

Terwil  vilh  those  who  have  examined  il.  other  particalMB,  >ee  PhiL  Tnna  t«l& 

1tafflc>'Baceoant(Hiiitor7ofJaTa,voLi.)  |  Jonm.  Aaiat.  Soc   Buigd,  vol* 

is  derivei!  ftom  Hortfleld.  pp.  351.  433. 

f   Etsai  niT  raisL  ^it.  d«  I'lile  de 
St.  Domingae.  Puis,  Mlfi. 
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Lisbon,  1755.  —  In  no  part  of  the  volcanic  regioti  of  southern 
Europe  has  so  tremendous  an  earthquake  occurred  in  modem  timeSy 
as  that  which  began  on  the  Ist  of  November,  1755,  at  Lisbon.  A 
sound  of  thunder  was  heard  underground,  and  immediately  afterwards 
a  violent  shock  threw  down  the  greater  part  of  that  city.  In  the 
course  of  about  six  minutes,  sixty  thousand  persons  perished.  The 
sea  first  retired  and  laid  the  bar  dry ;  it  then  rolled  in,  rising  fifty 
feet  or  more  above  its  ordinary  level.  The  mountains  of  Arrabida, 
Estrella,  Julio,  Marvan,  and  Cintra,  being  some  of  the  largest  in 
Portugal,  were  impetuously  shaken,  as  it  were,  from  their  very  foun- 
dations ;  and  some  of  them  opened  at  their  summits,  which  were  split 
and  rent  in  a  wonderful  manner,  huge  masses  of  them  being  thrown 
down  into  the  subjacent  valleys.*  Flames  are  related  to  have  issued 
from  these  mountains,  which  are  supposed  to  have  been  electric;  they 
are  also  said  to  have  smoked;  but  vast  clouds  of  dust  may  have  given 
rise  to  this  appearance. 

The  area  over  which  this  convulsion  extended  is  very  remarkable* 
It  has  been  computed,  says  Humboldt  f,  that  on  the  1st  November, 
1755,  a  portion  of  the  earth's  surface  four  times  greater  than  the 
extent  of  Europe  was  simultaneously  shaken.  The  shock  was  felt 
in  the  Alps,  and  on  the  coast  of  Sweden,  in  small  inland  lakes  on  the 
shores  of  the  Baltic,  in  Thuringia,  and  in  the  fiat  country  of  northern 
Germany.  The  thermal  springs  of  Toplitz  dried  up,  and  again  re- 
turned, inundating  every  thing  with  water  discoloured  by  ochre.  In 
the  islands  of  Antigua,  Barbadoes,  and  Martinique  in  the  West 
Indies,  where  the  tide  usually  rises  little  more  than  two  feet,  it  sud- 
denly rose  above  twenty  feet,  the  water  being  discoloured  and  of  an 
inky  blackness.  The  movement  was  also  sensible  in  the  great  lakes 
of  Canada.  At  Algiers  and  Fez,  in  the  north  of  Africa,  the  agitation 
of  the  earth  was  as  violent  as  in  Spain  and  Portugal;  and  at  the 
distance  of  eight  leagues  from  Morocco,  a  village  with  the  inhabitants, 
to  the  number  of  about  8000  or  10,000  persons,  are  said  to  have 
been  swallowed  up ;  the  earth  soon  afterwards  closing  over  them. 

Subsidence  of  the  quay.  —  Among  other  extraordinary  events 
related  to  have  occurred  at  Lisbon  during  the  catastrophe  was  the 
subsidence  of  a  new  quay,  built  entirely  of  marble  at  an  immense 
expense.  A  great  concourse  of  people  had  collected  there  for  safety, 
as  a  spot  where  they  might  be  beyond  the  reach  of  falling  ruins ;  but 
suddenly  the  quay  sank  down  with  all  the  people  on  it,  and  not  one 
of  the  dead  bodies  ever  fioated  to  the  surfacH  A  great  number  of 
boats  and  small  vessels  anchored  near  it,  all  full  of  people,  were 
swallowed  up,  as  in  a  whirlpool.^  No  fragments  of  these  wrecks  ever 
rose  again  to  the  surface,  and  the  water  in  the  place  where  the  quay 
had  stood  is  stated,  in  many  accounts,  to  be  unfathomable ;  but  White-* 
burst  says  he  ascertained  it  to  be  one  hundred  fathoms.§ 

*  Hiflt.  and  Philos.  of  Earthquakes,  the  time,  and  ascertained  that  the  boats 

p.  317.  and  vessels  said  to  have  been  swallowed 

\  Cosmos,  ToL  L  were  missmg. 

\  Rev.   C.  Davy's   Letters,   voL  il       §  On  the  Fonnation  of  the  £acth% 

Letter  ii.  p.  12.,  who  was  at  Lbbon  at  p.  55. 
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Circuinslnntml  BS  are  the  contemporary  narratives,  I  learn  from  % 
oorrespondtint,  Sir.  F.  Freeman,  in  1841,  that  no  part  of  the  Tagoa 
vrua  then  more  than  thirty  feet  deep  at  high  tide,  and  an  examinatioii 
of  the  position  of  the  nenr  quay,  and  tlie  memorials  preserved  of  tka 
time  and  manner  in  whit^h  it  naa  built,  render  the  statement  of  M< 
great  aeubsidence  in  1765  (|uite  unintelligible.  Perhaps  a  deep  narrow 
ctiftsm,  such  as  was  before  described  in  Calabria  (p.  481.),  opened 
closed  again  in  the  bed  of  the  Tnjius,  after  swalloning  up  ■ 
incumbent  buildings  and  vessels.  We  have  already  seen  that  ■uch 
openings  may  collapse  after  the  shock  suddenly,  or  in  places  where 
strata  are  of  soft  and  yielding  materials,  very  gradunlly.  According 
to  the  observations  made  at  Lisbon,  in  1837,  by  Mr.  Sharpe,  ih« 
destroying  effects  of  this  earthquake  were  confined  to  the  tertiary 
strata,  and  were  roost  violent  on  the  blue  clay,  on  which  the  lower 
part  of  the  city  is  constructed.  Not  a  building,  he  says,  on  tlM 
secondary  limestone  or  the  basalt  was  injured.* 

Shocks  felt  at  sea. — The  shock  was  fell  at  aea,  on  the  deck  of  a 
ship  to  tbe  west  of  Lisbon,  and  produced  very  much  the  same  sensation 
as  on  dry  hind.  Off  St.  Lucar,  the  captain  of  the  ship  Nancy  felt  btl 
Tessel  so  violently  shaken,  that  he  thought  she  had  struck  the  ground  i 
but,  on  heaving  the  lead,  found  a  great  depth  of  water.  Captain 
Clark,  from  Denin.  in  larilude  36"  24'  N..  bt-lwe^n  nine  and  ten  in  tbo 
morning,  bad  his  ship  shaken  and  strained  as  if  she  hod  struck  upon 
a  rock,  so  that  the  seams  of  the  deck  opened,  and  the  compaas  wis 
overturned  in  tbe  binnacle.  Another  ship,  forty  leagues  west  of 
6l  Vincent,  experienced  so  violent  a  concossion,  that  the  men  were 
thrown  a  foot  and  a  half  perpendicularly  up  from  the  deck. 

Rate  at  which  the  movement  travelled,  —  The  agitation  of  lakes, 
rivers,  and  springs,  in  Great  Britain,  was  remarkable.  At  Loch 
Lomond,  in  Scotland,  for  example,  the  water,  without  the  least 
apparent  cause,  rose  against  its  banks,  and  then  subsided  below  its 
usual  level.  The  greatest  perpendicular  height  of  this  swell  was  two 
feet  four  inches.  It  is  said  that  the  movement  of  this  earthquake 
was  nnduUtory,  and  that  it  travelled  at  the  rate  of  twenty  miles  a 
minute,  ita  velocity  being  calculated  by  the  intervals  between  ibo 
time  when  the  first  shock  was  felt  at  Lisbon,  and  its  tioae  of  oocur- 
rence  at  other  distant  places.^ 

Great  wave  and  retreat  of  the  tea.— A.  great  wave  swept  oro  tfai 
coast  of  Spain,  and  is  said  to  have  been  sixty  feet  high  at  Cadi^  At 
Tangier,  in  Africa,  it  9bta  and  fell  eighteen  times  on  the  coaaL  At 
Funchal,  in  Madeira,  it  rose  fall  fifteen  feet  perpendicnlar  abovfl 
high-water  mark,  although  the  tide,  which  ebbs  and  flows  there  mtm 
feet,  was  then  at  half-ebb.  Besides  entering  the  dly,  and  committii^ 
great  havoc,  it  overflowed  other  seaports  in  the  island.  At  Ttifff-_ 
in  Ireland,  a  body  of  water  rushed  into  the  harboor,  whirled  raond 
several  vessels,  and  poured  into  the  market-place. 

*  GeoL  Soc.  Proceedings,  No.  6a  t  MichellonEantHiadra^IULI^i^ 
f.  36.  163S.  nd.  li.  p.  SM.  17Mi 
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It  was  before  stated  that  the  sea  first  retired  at  Lisbon ;  and  this 
retreat  of  the  ocean  from  the  shore^  at  the  commencement  of  an 
earthquake,  and  its  subsequent  return  in  a  violent  wave,  is  a  common 
occurrence.  In  order  to  account  for  the  phenomenon,  Micheli  ima- 
gined a  subsidence  at  the  bottom  of  the  sea,  from  the  giving  way  of 
the  roof  of  some  cavity  in  consequence  of  a  vacuum  produced  by 
the  condensation  of  steam.  Such  condensation,  he  observes,  might  be 
the  first  effect  of  the  introduction  of  a  large  body  of  water  into  fissures 
and  cavities  already  filled  with  steam,  before  there  has  been  sufficient 
time  for  the  heat  of  the  incandescent  lava  to  turn  so  large  a  supply 
of  water  into  steam,  which  being  soon  accomplished  causes  a  greater 
explosion. 

Another  proposed  explanation  is,  the  sudden  rise  of  the  land,  which 
would  cause  the  sea  to  abandon  immediately  the  ancient  line  of  coast; 
and  if  the  shore,  after  being  thus  heaved  up,  should  fall  again  to  its 
original  level,  the  ocean  would  return.  This  theory,  however,  will 
not  account  for  the  facts  observed  during  the  Lisbon  earthquake ;  for 
the  retreat  preceded  the  wave,  not  only  on  the  coast  of  Portugal,  but 
also  at  the  island  of  Madeira,  and  several  other  places.  If  the  up- 
heaving of  the  coast  of  Portugal  had  caused  the  retreat,  the  motion 
of  the  waters,  when  propagated  to  Madeira,  would  have  pi'oduced  a 
wave  previous  to  the  retreat.  Nor  could  the  motion  of  the  waters 
at  Madeira  have  been  caused  by  a  difierent  local  earthquake;  for 
the  shock  travelled  from  Lisbon  to  Madeira  in  two  hours,  which 
agrees  with  the  time  which  it  required  to  reach  other  places  equally 
distant.* 

The  following  is  another  solution  of  the  problem,  which  has  been 
offered :  —  Suppose  a  portion  of  the  bed  of  the  sea  to  be  suddenly 
upheaved ;  the  first  effect  will  be  to  raise  over  the  elevated  part  a  body 
of  water,  the  momentum  of  which  will  carry  it  much  above  the  level 
it  will  afterwards  assume,  causing  a  draught  or  receding  of  the  water 
from  the  neighbouring  coasts,  followed  immediately  by  the  return  of 
the  displaced  water,  which  will  also  be  impelled  by  its  momentum 
much  farther  and  higher  on  the  coast  than  its  former  level,  f 

Mr.  Darwin,  when  alluding  to  similar  waves  on  the  coast  of  Chili, 
states  his  opinion,  that  **  the  whole  plienomenon  is  due  to  a  common 
undulation  in  the  water,  proceeding  from  a  line  or  point  of  disturb- 
ance some  little  way  distant.  If  the  waves,"  he  says,  "sent  off*  from 
the  paddles  of  a  steam-vessel  be  watched  breaking  on  the  sloping 
shore  of  a  still  river,  the  water  will  be  seen  first'to  retire  two  or  three 
feet,  and  then  to  return  in  little  breakers,  precisely  analogous  to  those 
consequent  on  an  earthquake."  He  also  adds,  that  *'the  earthquake- 
wave  occurs  some  time  after  the  shock,  the*  water  at  first  retiring 
both  from  the  shores  of  the  mainland  and  of  outlying  islands,  and 
then  returning  in  mountainous  breakers.  Their  size  is  modified  by 
the  form  of  the  neighbouring  coast ;  for  it  is  ascertained  in  South 
America,  that  places  situated  at  the  head  of  shoaling  bays  have 

♦  Micheli,  Phil.  Trans,  vol.  11  p.  614.       f  Quarterly  BcTiew,No.lxsx^\.vA^<^ 
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suffered  most,  whereas  towns  like  Valparaiso,  aented  cloae  on  tfct 
boriler  of  a  profound  ocean,  have  never  been  inundated,  tbooefc 
Mverely  shaken  by  earthquakes."" 

Mora  recently  (February,  1846),  Mr.  Mallet,  in  his  memoir  aboT» 
cited  (p.  475.),  has  endeavoured  to  bring  to  beur  on  tills  difficult 
subject  the  more  advanced  knowledge  obtained  of  kle  years  r«sp«0 
ing  the  true  theory  of  waves.  He  conceives  that  when  Uie  origin  tt 
the  shock  is  lieoeatli  the  deep  ocean,  one  wave  is  propagated  throngh 
llie  land,  and  another  moving  with  inferior  velocity  is  formed  on  tta 
surfnec  of  the  ocean.  'Iliis  last  rolls  in  upon  the  land  long  after  tha 
enrth-wave  has  arrived  and  spent  itself.  However  irrecondk^li 
it  may  be  to  our  common  notions  of  »olid  bodies,  to  imaguM  tiMi 
capable  of  tranamttling,  with  such  extreme  velocity,  motions  ana* 
lo^ous  to  tidal  wavesi,  it  seema  neverlheles^  cerlala  that  such  nndoto*' 
tions  are  produced,  and  it  ia  supposed  that  when  the  shock  paiiwi  k< 
given  point,  each  particle  of  the  solid  earth  describes  an  ellipse  it 
space.  The  facility  with  which  all  the  particles  of  a  solid  moaa  oa 
be  made  to  vibrate  may  be  illustrated,  saya  Gray  Luasac,  by  masj 
familiar  examples.  If  we  apply  the  ear  to  one  end  of  a  long  woodc* 
beam,  and  listen  attentively  when  the  other  end  is  struck  by  a  pin^ 
head,  we  hear  the  shook  distinctly ;  which  shows  that  every  ISbi» 
throughout  the  wIioIk  leti-tb  Im-  bfc.i  tnarle  to  vibrnt-.  Tli--  ririlln: 
of  carriages  on  the  pavement  shakes  the  largest  edifices  ;  and  in  the 
quarries  underneoth  some  quarters  in  Paris,  it  is  found  that  the  move- 
ment is  communicated  through  a  considerable  thickness  of  roek.j 

The  great  sea-wave  originating  directly  over  the  centre  of  distnrb- 
ance  is  propagated,  as  Michetl  correctly  stated,  in  every  direction, 
like  the  circle  upon  a  pond  when  a  pebble  is  dropped  into  it,  the 
different  rates  at  which  it  moves  depending  (as  he  also  suggested) 
on  variations  in  the  depth  of  the  water.  This  wave  of  the  sea,  say) 
Mr.  Mallet,  is  raised  by  the  impulse  of  the  shock  immediately  bela* 
it,  which  in  great  earthquakes  lifts  up  the  ground  two  or  three  feet 
perpendicularly.  The  velocity  of  the  shock,  or  earth-wave  is  greati 
because  it  "depends  upon  a  function  of  the  elasticity  of  the  cnisl 
of  the  earth,  whereas  the  velocity  of  the  sea-wave  depends  npoo  s 
function  of  the  depth  of  the  sea." 

"Although  the  shock  in  its  passage  under  the  deep  ocean  gives 
no  trace  of  its  progress,  it  no  sooner  gets  into  soundings  or  sbaUo* 
water,  tfaan  it  gives  rise  to  another  and  smaller  wave  of  tbe  aea.  It 
carries,  as  it  were,  upon  its  back,  this  lesser  aqueous  nndolatioa;  s 
long  narrow  ridge  bf  water  which  corresponds  in  form  and  velocity 
to  itself,  being  pushed  up  by  the  partial  elevation  of  tbe  botlosD.  1' 
is  this  small  wave,  called  technically  the  ■  forced  sea-wave,'  which 
communicates  the  eorthquake-shock  to  ships  at  sea,  as  if  they  hsi 
struck  upon  a  rock.     It  breaks  upon  a  coast  at  the  si 

*  Darwin's  Travels  in  Soath  Ante-        -f  Ana.  de  Ch.  et  de  PI,  M 
rica,    &c    ISsa   lo   1836.     Voyage  of    p.  4SB. 
ILIIS.  Beagle,  vol  Ui.  p.  377. 
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the  shock  reaches  it,  and  sometimes  it  may  cause  an  apparent  slight 
recession  from  the  shore,  followed  by  its  flowing  up  somewhat  higher 
than  the  usual  tide  mark :  this  will  happen  where  the  beach  is  verj 
sloping,  as  is  usual  where  the  sea  is  shallow,  for  then  the  velocity  of 
the  low  flat  earth-wave  is  such,  that  it  slips  as  it  were,  from  under 
the  undulation  in  the  fluid  above.  It  does  this  at  the  moment  of 
reaching  the  beach,  which  it  elevates  by  a  vertical  height  equal  to  its 
own,  and  as  instantly  lets  drop  again  to  its  former  level." 

'MVhile  the  shock  propagated  through  the  solid  earth  has  thus 
travelled  with  extra  rapidity  to  the  land,  the  great  sea-wave  has  been 
following  at  a  slower  pace,  though  advancing  at  the  rate  of  several  miles 
in  a  minute.  It  consists  in  the  deep  ocean,  of  a  long  low  swell  of 
enormous  volume,  having  an  equal  slope  before  and  behind,  and  that 
BO  gentle  that  it  might  pass  under  a  ship  without  being  noticed.  But 
when  it  reaches  the  edge  of  soundings,  its  front  slope,  like  that  of 
a  tidal  wave  under  similar  circumstances,  becomes  short  and  steep, 
while  its  rear  slope  is  long  and  gentle.  If  there  be  water  of  some 
depth  close  into  shore,  this  great  wave  may  roll  in  long  after  the 
shock,  and  do  little  damage :  but  if  the  shore  be  shelving,  there  will 
be  flrst  a  retreat  of  the  water,  and  then  the  wave  will  break  upon  the 
beach  and  roll  in  far  upon  the  land."  • 

The  various  opinions  which  have  been  oflered  by  Mich  ell  and  later 
writers,  respecting  the  remote  causes  of  earthquake  shocks  in  the 
interior  of  the  earth,  will  more  properly  be  discussed  in  the  thirty- 
second  chapter. 

Chili,  1751.— On  the  24th  of  May,  1751,  the  ancient  town  of 
Conception,  otherwise  called  Penco,  was  totally  destroyed  by  an 
earthquake,  and  the  sea  rolled  over  it.  (See  plan  of  the  bay,  ^g.  70. 
p.  455.)  The  ancient  port  was  rendered  entirely  useless,  and  the 
inhabitants  built  another  town  about  ten  miles  from  the  sea-coast,  in 
order  to  be  beyond  the  reach  of  similar  inundations.  At  the  same 
time,  a  colony  recently  settled  on  the  sea-shore  of  Juan  Fernandez 
was  almost  entirely  overwhelmed  by  a  wave  which  broke  upon  the 
shore. 

It  has  been  already  stated,  that  in  1835,  or  eighty-four  years  after 
the  destruction  of  Penco,  the  same  coast  was  overwhelmed  by  a 
similar  flood  from  the  sea  during  an  earthquake ;  and  it  is  also  known 
that  twenty- one  years  before  (or  in  1730),  a  like  wave  rolled  over 
these  fated  shores,  in  which  many  of  the  inhabitants  perished.  A 
series  of  similar  catastrophes  has  also  been  tracked  back  as  far  as  the 
year  1590 1,  beyond  which  we  have  no  memorials  save  those  of  oral 
tradition.  Molina,  who  has  recorded  the  customs  and  legends  of  the 
aborigines,  tells  us,  that  the  Araucanian  Indians,  a  tribe  inhabiting 
the  country  between  the  Andes  and  Pacific,  including  the  part  now 
called  Chili,  *'  had  among  them  a  tradition  of  a  great  deluge,  in  which 
only  a  few  persons  were  saved,  who  took  refuge  upon  a  high  moon- 

•  Mallet,  Proceed.  Boy.  Irish  Acad.  Woodbine  Parish,  GeoL  6oc  IVoeeed- 
1S46.  ingi^ToL  ii  p.  815. 

t  See  Father  Acosta*8 work;  and  Sir 
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tain  called  Tliegtlipg,  "the  timnilering,"  which  had  three  iMunts. 
WheDever  a  violent  earthquake  occurs,  those  [wople  fly  fur  safety  to 
the  mountains,  assigning  as  a  reason,  that  th«y  are  fearful,  after  tlie 
shock,  that  the  sea  will  ugain  return  and  deluiie  the  world.* 

Notwithstanding  the  tendency  of  writers  in  his  day  to  r(-fer  >U 
traditionary  inundations  to  one  remote  period,  Molina  remnrlcB  that 
IhiM  flood  of  the  Araucanians  "  was  probably  very  diffL-rent  from  that 
of  Noah."  "Wo  have,  indeed,  no  nieanis  of  conjecturing  liow  long  this 
gotne  tribe  hnd  flourished  in  Chili,  but  we  can  scarcely  donbt,  that  if 
its  experience  reached  back  even  fur  three  or  four  centuries,  »cTer«l 
inroads  of  the  ocean  must  have  occurred  within  that  period.  But  tha 
memory  of  a  Buccession  of  physical  evenla,  similar  in  kind,  though 
distinct  in  time,  can  never  b«  preserved  by  a  people  destitute  tX 
written  annals.  Before  two  or  three  generations  have  passed  awijr 
all  dates  ore  forgotten,  and  even  the  events  themselves,  unless  ihey 
havB  given  origin  to  some  cuatotns,  or  i-eligious  riles  ami  cererecniei 
Oflontiraes  the  incidents  of  many  different  earthquakes  and  floods 
become  blended  together  in  the  same  narrative ;  and  in  Euch  cwks  tbe 
iingle  cataiitrophe  is  described  in  terras  bo  exaggerated,  or  is  so  di*- 
guiaed  by  mythological  fictions,  as  to  be  utterly  valueless  lo  the  anti- 
quary or  philosopher. 

Proofs  of  tJfvatlun  of  lirriifi/.fourfrl.^Tinriw^  n  y.\tr  *ijrv^y  of 
Conception  Bay,  Captains  Beechey  ond  Sir  E.  Belcher  discovered  that 
the  ancient  harbour,  which  formerly  a  dm!  tied  all  large  merchant  ve.sseli 
which  went  round  the  Cape,  is  now  occupied  by  a  reef  of  sandstone, 
certain  points  of  which  project  above  the  sea  at  low  water,  the  greater 
port  being  very  shallow.  A  tract  of  a  mile  and  a  half  in  length, 
where,  according  to  the  report  of  the  inhabitants,  the  water  was 
formerly  four  or  five  fathoms  deep,  is  now  a  shoal ;  consisting,  as  our 
hydrographers  found,  of  hard  sandstone,  so  that  it  cannot  be  supposed 
to  have  been  formed  by  recent  deposits  of  the  river  Biobio,  an  arm 
of  which  caiTies  down  loose  micaceous  »nd  into  the  same  hay. 

It  is  impossible  at  this  distance  of  time  to  affirm  that  the  bed  of  the 
sea  was  uplifted  at  once  to  the  height  of  twenty-four  feet,  during  the 
single  earthquake  of  1751,  because  other  movements  may  hare 
occurred  subsequently ;  but  it  is  said,  that  ever  since  the  shock  of 
1751,  no  vessels  have  been  able  to  approach  within  a  mile  and  a  half 
of  the  ancient  port  of  Pence.  (See  Map,  p.  455,)  In  proof  of  the 
former  elevation  of  the  coast  near  Penco  our  surveyors  found  above 
high-water  mark  an  enormous  bed  of  shells  of  the  same  species  ai 
those  now  living  in  the  bay,  filled  with  micaceous  sand  like  that  which 
the  Biobio  now  conveys  to  the  bay.  These  shells,  as  well  as  others, 
which  cover  the  adjoining  hills  of  mica-schist  to  the  height  of  several 
hundred  feet,  have  lately  been  examined  by  experienced  conchologisti 
in  London,  and  identified  with  those  token  at  the  some  time  in  a 
living  state  from  the  bay  and  its  neighbour hood.f 

*  UoUdo.  HlM.  nf  Chili,  vol.  iL  p.  these  shdU,  and  the  coUoztioB  hu  bMS 

f  Captain   B«lcher  h*s  shown    mb    cxaioiaed  tiy  lb.  Brodcrip. 
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UUoa,  therefore,  was  perfectly  correct  in  his  statement  that,  at 
various  heights  above  the  sea  between  Talcabuano  and  Conception, 
'*  mines  were  found  of  various  sorts  of  shells  used  for  lime  of  the  very 
same  kinds  as  those  foi^d  in  the  adjoining  sea."  Among  them  he 
mentions  the  great  mussel  called  Choros,  and  two  others  which  he 
describes.  Some  of  these,  he  says,  are  entire,  and  others  broken ; 
they  occur  at  the  bottom  of  the  sea,  in  four,  six,  ten,  or  twelve  fathom 
water,  where  they  adhere  to  a  sea-plant  called  Cochayuyo.  They  are 
taken  in  dredges,  and  have  no  resemblance  to  those  found  on  the 
shore  or  in  shallow  water ;  yet  beds  of  them  occur  at  various  heights 
on  the  hills.  **  I  was  the  more  pleased  with  the  sight,"  he  adds,  '*  as 
it  appeared  to  me  a  convincing  proof  of  the  universality  of  the  deluge, 
although  I  am  not  ignorant  that  some  have  attributed  their  position 
to  other  causes."  *  It  has,  however,  been  ascertained  that  the  found- 
ation of  the  Castle  of  Penco  was  so  low  in  1835,  or  at  so  inconsiderable 
an  elevation  above  the  highest  spring  tides,  as  to  discountenance  the 
idea  of  any  permanent  upheaval  in  modem  times,  on  the  site  of  that 
ancient  port ;  but  no  exact  measurements  or  levellings  appear  as  yet 
to  have  been  made  to  determine  this  point,  which  is  the  more  worthy 
of  investigation,  because  it  may  throw  some  light  on  an  opinion  often 
promulgated  of  late  years,  that  there  is  a  tendency  in  the  Chilian 
coast,  after  each  upheaval,  to  sink  gradually  and  return  towards  its 
former  position. 

Pertly  1746. — Peru  was  visited,  on  the  28th  of  October,  1746,  by 
a  tremendous  earthquake.  In  the  first  twenty-four  hours,  two  hundred 
shocks  were  experienced.  The  ocean  twice  retired  and  returned  im- 
petuously upon  the  land :  Lima  was  destroyed,  and  part  of  the  coast 
near  Callao  was  converted  into  a  bay:  four  other  harbours,  among 
which  were  Cavalla  and  Guanape,  shared  the  same  fate.  There  were 
twenty-three  ships  and  vessels,  great  and  small,  in  the  harbour  of 
Callao,  of  which  nineteen  were  sunk ;  and  the  other  four,  among 
which  was  a  frigate  called  St.  Fermin,  were  carried  by  the  force  of 
the  waves  to  a  great  distance  up  the  country,  and  left  on  dry  ground 
at  a  considerable  height  above  the  sea.  The  number  of  inhabitants  in 
this  city  amounted  to  four  thousand.  Two  hundred  only  escaped, 
twenty-two  of  whom  were  saved  on  a  small  fragment  of  the  fort  of 
Vera  Cruz,  which  remained  as  the  only  memorial  of  the  town  after 
this  dreadful  inundation.  Other  portions  of  its  site  were  completely 
covered  with  heaps  of  sand  and  gravel. 

A  volcano  in  Lucanas  burst  forth  the  same  night,  and  such 
quantities  of  water  descended  from  the  cone  that  the  whole  country 
was  overflowed  ;  and  in  the  mountain  near  Pataz,  called  Conversiones 
de  Caxamarquilla,  three  other  volcanos  burst  out,  and  frightful  tor- 
rents of  water  swept  down  their  sides.f 

There  are  several  records  of  prior  convulsions  in  Peru,  accompanied 
by  similar  inroads  in  the  sea,  one  of  which  happened  fifty-nine  years 

*  Ulloa's  Voyage  to  Sonth  America,       f  Ibid.  toL  ii  book  vii.  chap.  viL 
ToL  ii.  book  yilL  db.  vi. 
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before  { in  1 687 ),  when  the  ocean,  according  to  Ullos,  first  retired  k 
then  returned  in  a  mountainous  wave,  overwhelming  Collao  umI  III 
environ!,  with  the  miaerablc  inLabitants.*  Tliis  same  wave,  accoidiD| 
to  Lionel  Wafer,  carried  ships  a  lengue  into  the  country,  and  drowMT^ 
mnn  and  beast  for  fifty  leagues  along  the  shore.f  Inundatioaa  i 
still  enriier  dates  arc  carefully  recorded  liy  UIloo,  Wafer,  AcostB,  aal 
various  writers,  who  describe  them  as  having  exjiended  their  cU4 
fury  some  on  one  part  of  the  coast  some  on  another. 

But  all  authentic  accounts  cease  when  we  ascend  to  the  era  of  tM 
conquest  of  Peru  by  the  Spaniards.  The  ancient  Peruvians,  altboug^ 
far  removed  from  barbarism,  were  without  written  nnnalt,  tai 
therefore  iinahle  to  preserve  a  distinct  recollection  of  a  long  s 
of  natural  events.  They  had,  however,  according  to  Antonio  dl 
rierrera,  who,  in  the  beginning  of  the  seventeenth  century,  inrMf 
tigated  their  antiquities,  a  tradition,  "that  many  years  before  l' 
reign  of  the  loca*,  at  a  time  when  the  country  was  very  popuLoai 
there  happened  a  great  flood  ;  the  sea  breaking  out  beyond  il 
bounds,  60  that  the  land  was  covered  with  water  and  all  the  p«0]' 
perished.  To  this  the  Guacas,  inhabiting  the  vale  of  Xaoaca.  k 
the  natives  of  Chiqnito,  in  the  province  of  Callao,  add  that  6« 
persons  remained  in  the  hollows  and  caves  of  the  highest  mountaii 
who  iignin  peopled  tlie  land.  Others  of  the  mountiiin  people  afTirm 
that  nil  perished  in  the  ddugc,  only  six  persons  being  saved  oa  K 
float,  from  whom  descended  all  the  inhabitants  of  that  country."! 

On  the  mainland  near  Lima,  and  on  tlie  neighbouring  island  of 
San  Lorenzo,  Mr.  Darwin  found  proofs  that  the  ancient  bed  of  Uh 
tea  had  been  raised  to  the  height  of  more  than  eighty  feet  abovs 
water  within  the  human  epoch,  strata  Laving  been  discovered  at  thit 
altitude,  containing  pieces  of  cotton  thread  and  plaited  rusb,  together 
with  sea-weed  and  marine  shells.§  The  same  author  learnt  &<!■ 
Mr.  Gill,  a  civil  eni;ineer,  that  he  discovered  in  the  interior  near  lima, 
between  Cnsma  and  Iluarair,  the  dried-up  cliantid  rf  .1  !arp<.'  rircr, 
sometimes  worn  through  solid  rock,  which,  instead  ol  conunusli/ 
ascending  towards  its  source,  has,  in  one  place,  a  steep  downward 
slope  in  that  direction,  for  a  ridge  or  line  of  hills  has  been  uplifted 
directly  ocross  the  bed  of  the  stream,  which  is  now  arched.  By 
these  changes  the  water  has  been  turned  into  some  other  ooarae: 
and  a  district,  once  fertile,  and  still  covered  with  ruins,  and  bearing 
the  marks  of  ancient  cultivation,  has  been  converted  into  a  desert.) 

Java,  1699.—  On  the  5th  of  January,  1699,  a  terrible  earthqutka 
visited  Java,  and  no  less  than  -208  considerable  shocks  were  reckoooL 
Many  houses  in  Batavin  were  overturned,  and  the  flame  and  noise  of 
a  volcanic  eruption  were  seen  and  heard  in  that  city,  which  mat 
afterwards  found  to  proceed  from  Mount  Salek^,  a  volcano  six  dayt* 

•  Ulloa'i  Voysge,  vol.  [L  p.  8!.  §  D«rwio'«  Jonnial.  p.  ii\. 

1  Wafer,  ritcJ  by  Sir  W.  Parish,  GcoL  M  n.id.p.*13. 

Soc.  ProccLcliiiKS,  vol.  ii.  p.  315.  1  Misapelt  "Saks"  ta  Uookc'i  A^ 

i  Hist,  of  AmciicB,  decad.  iii.  book  xi.  conat. 
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journey  distant.  Next  morning  the  Batavian  river,  which  has  its 
rise  from  that  mountain,  became  very  high  and  muddy,  and  brought 
down  abundance  of  bushes  and  trees,  half  burnt  The  channel  of 
the  river  being  stopped  up,  the  water  overflowed  the  country  round 
the  gardens  about  the  town,  and  some  of  the  streets,  so  that  fishes  lay 
dead  in  them.  All  the  fish  in  the  river,  except  the  carps,  were  killed 
by  the  mud  and  turbid  water.  A  great  number  of  drowned  buffaloes, 
tigers,  rhinoceroses,  deer,  apes,  and  other  wild  beasts,  were  brought 
down  by  the  current;  and,  "notwithstanding,"  observes  one  of  the 
writers,  "  that  a  crocodile  is  amphibious,  several  of  them  were  found 
dead  among  the  rest."* 

It  is  stated  that  seven  hills  bounding  the  river  sank  down ;  by 
which  is  merely  meant,  as  by  similar  expressions  in  the  description 
of  the  Calabrian  earthquakes,  seven  great  landslips.  These  hills, 
descending  some  from  one  side  of  the  valley  and  some  from  the  other, 
filled  the  channel,  and  the  waters  then  finding  their  way  under  the 
mass,  flowed  out  thick  and  muddy.  The  Tangaran  river  was  also 
dammed  up  by  nine  hills,  and  in  its  channel  were  large  quantities 
of  drift  trees.  Seven  of  its  tributaries  also  are  said  to  have  been 
"  covered  up  with  earth."  A  high  tract  of  forest  land,  between  the 
two  great  rivers  before  mentioned,  is  described  as  having  been 
changed  into  an  open  country,  destitute  of  trees,  the  surface  being 
spread  over  with  a  fine  red  clay.  This  part  of  the  account  may, 
perhaps,  merely  refer  to  the  sliding  down  of  woody  tracts  into  the 
valleys,  as  happened  to  so  many  extensive  vineyards  and  olive- 
grounds  in  Calabria,  in  1783.  The  close  packing  of  large  trees  in 
the  Batavian  river  is  represented  as  very  remarkable,  and  it  attests 
in  a  striking  manner  the  destruction  of  soil  bordering  the  valleys 
which  had  been  caused  by  floods  and  landslips.! 

Quito,  1698.  —  In  Quito,  on  the  19th  of  July,  1698,  during  an 
earthquake,  a  great  part  of  the  crater  and  summit  of  the  volcano 
Carguairazo  fell  in,  and  a  stream  of  water  and  mud  issued  from  the 
broken  sides  of  the  hill.J 

Sicily y  1693.  —  Shocks  of  earthquakes  spread  over  all  Sicily  in 
1693,  and  on  the  11th  of  January  the  city  of  Catania  and  forty-nine 
other  places  were  levelled  to  the  ground,  and  about  one  hundred 
thousand  people  killed.  The  bottom  of  the  sea,  says  Vicentino 
Bonajutus,  sank  down  considerably,  both  in  ports,  inclosed  bays,  and 
open  parts  of  the  coast,  and  water  bubbled  up  along  the  shores. 
Numerous  long  fissures  of  various  breadths  were  caused,  which 
threw  out  sulphurous  water;  and  one  of  them,  in  the  plain  of 
Catania  (the  delta  of  the  Simeto),  at  the  distance  of  four  miles  from 
the  sea,  sent  forth  water  as  salt  as  the  sea.  The  stone  buildings  of  a 
street  in  the  city  of  Noto,  for  the  length  of  half  a  mile,  sank  into  the 
ground,  and  remained  hanging  on  one  side.  In  another  street,  an 
opening  large  enough  to  swallow  a  man  and  horse  appeared.  § 

♦  Hooke's  Porthumons  Works,  p.  437.        1  Humboldt,  All.  Pit.  p.  106. 
1705.  S  PhiL  Tran*.  1693-4. 
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Molttecat.  1G93 The  sninll  lale  of  Soroa,  which  condste  of  «w 

great  voIcHno,  was  in  eruption  in  the  yeor  1693.  DifTifrent  pftrucf 
the  cone  fell,  one  ufter  the  oilier,  into  a  deep  crater,  until  slcuost  holT 
the  apace  of  the  iaiund  waa  convercetl  into  n  Rery  lake.  Must  of  tb« 
Inhabitants  fled  to  Banda;  but  great  pieces  of  the  mountain  ooatiniMl 
tu  fall  down,  so  that  the  lake  of  lava  became  wider;  sad  finallflhl 
wliole  population  was  compeVIed  to  emigrate.  It  is  stated  llial,  a 
proportion  as  the  burning  lake  increased  in  size,  ibe  cartbt{iudtes  WOT 
less  vehement." 

Jamaica,  1692.  —  In  the  year  1692,  the  island  of  Jamkieft  wm 
visited  by  a  violent  eorthrjunke ;  the  f^round  swelled  and  heavri 
like  a  rolhng  sea,  anil  wns  traversed  by  numerous  crocks,  two  « 
tliree  hundred  of  which  were  often  seen  at  a  time,  opening  ail 
then  closing  rapidly  again.  Many  people  were  swallowed  ap  to 
these  rents;  some  1  ho  earth  cauglit  by  the  middle,  anil  aqtMoal 
to  death ;  tlie  heuds  of  uihers  only  appeared  above  ground ;  toA 
Eome  were  first  engulphed,  and  then  cast  up  again  with  preat  qiuB« 
titles  of  water.  Such  was  the  devastation,  that  even  in  I'ort  Vlnrpi, 
then  the  cnplial,  where  more  bouses  are  said  to  have  been  left  s»s^ 
ing  (ban  in  the  whole  island  beside,  three  quarters  of  the  buildiap^ 
together  with  the  ground  they  stood  on,  sank  down  with  their  ioli»- 
hitiints  pnlirHy  iiiidiT  whu.t. 

Suhtidence  in  the  harbour.  —  The  large  store-housea  on  the  bir 
hour  side  subsided,  so  as  to  be  twenty-four,  thirty-six,  uid  forty-eight 
feet  under  water;  yet  many  of  them  appear  to  have  remained  stawl- 
ing,  for  it  is  stated  that,  after  ihe  earthquake,  the  mast-heads  of 
several  ships  wrecked  in  the  harbour,  together  with  the  cbimney-Iop) 
of  houses,  were  just  seen  projecting  above  the  waves.  A  tract  (rf 
land  round  tlie  town,  about  a  thousand  acres  in  extent,  sank  down  ia 
less  than  one  minute,  during  the  firet  shock,  and  the  sea  immediatslT 
rolled  in.  Tlie  Swan  frigate,  which  was  repairing  in  the  wharf,  w»i 
driven  over  the  tops  of  many  buildings,  and  then  thrown  upon  oae 
of  the  roofs,  through  which  it  broke.  The  breadth  of  one  of  ibc 
streets  is  said  to  have  been  doubled  by  the  earthquake. 

According  to  Sir  H.  De  la  Beche,  tbe  part  of  Fort  Royal  described 
as  having  sunk  was  built  upon  newly  formed  land,  consisting  of  Msd> 
in  which  piles  had  been  driven  ;  and  the  tettlement  of  this  loose  sand, 
charged  with  the  weight  of  heavy  houses,  may,  he  su^ests^  bait 
given  rise  to  the  subsidences  alluded  to.f 

There  have  undoubtedly  been  instances  in  Calabria  and  etoewhcm 
of  slides  of  land  on  which  the  bouses  have  still  remained  staD^inf; 
and  it  is  possible  that  such  may  have  been  tbe  case  at  Port  Roy^ 
The  fact  at  least  of  submergence  is  unquestionable,  for  I  was  i>- 
fonned  by  the  late  Admiral  Sir  Charles  Hamilton  that  be  frequenti; 
saw  tbe  submerged  houses  of  Fort  Koyal  in  the  year  1780,  in  that 
part  of  tbe  harbour  which  lies  between  the  town  and  the  usual  ar 
chorage  of  men-of-war.     Bryan  Edwards  also  says,  in  his  histoiy  «f 

*  FhiL  Tnns.  1693.  f  Uiaual  of  GeoL,  p.  1S9.,  Ncad  tdiik*. 


CH.XXIX.]       CHANGES  CAUSED  BT  EARTHQUAKES.  505 

the  West  Indies,  that  in  1793  the  ruins  were  visible  in  clear  weather 
from  the  boats  which  sailed  over  them.*  Lastly,  Lieutenant  B. 
Jefiery,  R.  N.,  tells  me  that,  being  engaged  in  a  survey  between  the 
years  1824  and  1835,  he  repeatedly  visited  the  site  in  question, 
where  the  depth  of  the  water  is  from  four  to  six  fathoms,  and  when- 
ever there  was  but  little  wind  perceived  distinct  traces  of  houses, 
lie  saw  these  more  clearly  when  he  used  the  instrument  called  the 
"  diver's  eye,"  which  is  let  down  below  the  ripple  of  the  wavcf 

At  several  thousand  places  in  Jamaica  the  earth  is  related  to  have 
opened.  On  the  north  of  the  island,  several  plantations,  with  their 
inhabitants,  were  swallowed  up,  and  a  lake  appeared  in  their  place, 
covering  above  a  thousand  acres,  wliich  afterwards  dried  up,  leaving 
nothing  but  sand  and  gravel,  withoi^t  the  least  sign  that  there  had 
ever  been  a  house  or  a  tree  there.  Several  tenements  at  Yallows 
were  buried  under  land-slips ;  and  one  plantation  was  removed  half  a 
mile  from  its  place,  the  crops  continuing  to  grow  upon  it  uninjured. 
Between  Spanish  Town  and  Sixteen -mile  Walk,  the  high  and  per- 
pendicular cliffs  bounding  the  river  fell  in,  stopped  the  passage  of 
the  river  and  flooded  the  latter  place  for  nine  days,  so  that  the 
people  "concluded  it  had  been  sunk  as  Port  Royal  was."  But  the 
flood  at  length  subsided,  for  the  river  had  found  some  new  passage  at 
a  great  distance. 

Mountains  shattered.  —  The  Blue  and  other  of  the  highest  moun- 
tains are  declared  to  have  been  strangely  torn  and  rent.  They 
appeared  shattered  and  half- naked,  no  longer  affording  a  fine  green 
prospect,  as  before,  but  stripped  of  their  woods  and  natural  verdure. 
The  rivers  on  these  mountains  first  ceased  to  flow  for  about  twenty- 
four  hours,  and  then  brought  down  into  the  sea,  at  Port  Royal  and 
other  places,  several  hundred  thousand  tons  of  timber,  which  looked 
like  floating  islands  on  the  ocean.  The  trees  were  in  general  barked, 
most  of  their  branches  having  been  torn  off  in  the  descent.  It  is 
particularly  remarked  in  this,  as  in  the  narratives  of  so  many  earth- 
quakes, that  fish  were  taken  in  great  numbers  on  the  coast  during 
the  shocks.  The  correspondents  of  Sir  Hans  Sloane,  who  collected 
with  care  the  accounts  of  eye-witnesses  of  the  catastrophe,  refer  con- 
stantly to  subsidences,  and  some  supposed  the  whole  of  Jamaica  to 
have  sunk  down.  | 

Hejlections  on  the  amount  of  change  in  the  last  one  hundred  and 
sixty  years.  —  I  have  now  only  enumerated  some  few  of  the  earth- 
quakes of  the  last  160  years,  respecting  which  facts  illustrative  of 
geological  inquiries  are  on  record.  Even  if  my  limits  permitted,  it 
would  be  an  unprofitable  task  to  examine  all  the  obscure  and  ambiguous 
narratives  of  similar  events  of  earlier  epochs  ;  although,  if  the  places 
were  now  examined  by  geologists  well  practised  in  the  art  of  inter- 
preting the  monuments  of  physical  changes,  many  events  which  have 
happened  within  the  historical  era  might  doubtless  be  still  determined 

*  Vol.  i.  p.  235. 8yo  ed.  3  toU.  1801.  %  PhiL  Tram.  1694. 
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vitb  precision.     It  must  not  be  imagined  that,  in  the  above  i 
of  the  occurrences  of  a  short  perioJ,  I  have  given  an  account  (^  all,  a 
eren  the  greater  part,  of  the  mutations  which  the  L'arlh  has  uDilerf 
by  the  agency  of  subterraoean  moTemenls.     Tliui>,  for  example^  ti 
earthquake  of  Aleppo,  in  the  present  century,  and  of  Syria,  in  I' 
tnlildle  of  the  eighteenth,  would  doubtless  have  alTorded  DUDief 
phenomena,  of  great  geological  importance,  bad  those  calastr 
been  described  by  scientific  observers.     The  shocks  in  Syria  in  ITji^l 
were  protracted  for  three  months,  throughout  a  space  of  ten  I' 
sand  square  leagues :  an  area  compared  to  w  hieh  that  of  tf  le  Calabi 
earthquake  in  1783  nas  insignificant.     Acoun,  Saplial,  Balbeck,  E 
mascus,  Sidon,  Tripoli,  and  many  other  places,  were  almost  entinlf ' 
levelled  to  the  ground.     Many  thousands  of  the  inhabltanta  (lenslwd 
in  each  ;  and,  in  the  valley  of  Balheuk  alone,  20,000  men  are  aaid  la 
have  been  victims  to  the  convulsion.     In  the  absence  of  adendA* 
accounts,  it  would  be  as  irrelevant  to  our  present  purpose  to  entef 
into  n  detailed  account  of  such  calamities,  as  to  follow  the  tract  uf  an 
invading  army,  to  enumerate  the  cities  burnt  or  rased  to  llic  grouu), 
and   reckon  the  number  of  individuals  who  perished  by  funiine  or 
the  sword. 

Dffieifncyof  htiloncal  reeordt. — If  such,  then,  be  the  araoant  <rf 
ascoriaintd  changes  in  the  hst  IGO  yours,  iiotwitliMrin.iin:;  llio 
extreme  deficiency  of  our  records  during  that  brief  period,  how 
important  must  we  presume  the  physical  revolutions  to  have  been  in 
tbt!  course  of  thirty  or  forty  centuries,  during  which  some  countries 
habitually  convulsed  by  earthquakes  have  been  peopled  by  civilized 
nations!  Towns  enguiphed  during  one  earthquake  may,  by  repealed 
shocks,  have  sunk  to  great  depths  beneath  the  surface,  while  the 
ruins  remain  as  imperishable  as  the  hardest  rocks  in  which  they  are 
enclosed.  Buildings  and  cities,  submerged,  for  a  time,  beneath  aeu 
or  lakes,  and  covered  with  sedimentary  deposits,  must,  in  some 
places,  have  been  re-elevated  to  considerable  heights  above  the  level 
of  the  ocean.  The  signs  of  these  events  have,  probably,  been  ren- 
dered visible  by  subsequent  mutations,  as  by  the  encroachments  of 
the  sea  upon  the  coast,  by  deep  excavations  made  by  torrents  and 
rivers,  by  the  opening  of  new  ravines,  and  chasms,  and  other  effects 
of  natural  agents,  so  active  in  districts  agitated  by  subterranean 
movements. 

If  it  be  asked  why,  if  such  wonderful  monuments  exist,  so  few  havs 
hitherto  been  brought  to  light,  we  reply — because  they  have  not 
been  searched  far.  In  order  to  rescue  from  oblivion  the  memoriili 
of  former  occurrences,  the  inquirer  must  know  what  he  may  reason- 
ably expect  to  discover,  and  under  what  peculiar  local  circumstances. 
He  must  be  acquainted  with  the  action  and  effect  of  physical  causes, 
in  order  to  recognize,  explain,  and  describe  correctly  the  phenomena 
when  they  present  themselves. 

The  best  known  of  the  great  volcanic  regions,  of  whicb  the 
boundaries  were  sWetdiei  in  i-W  vwftn.\.^-?Rwvn4  chapter,  is  that  whiek 
includes  Soulhein  "Eiirove,  ^Qt>.\i«w  Mtv-:*,  wA'iwi.'wA.  kv^-,  »* 
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ne&rlj  the  whole,  even  of  this  region,  must  be  laid  down,  in  a  geolo- 
gical map,  aa  "Terra  Incognita."  Even  CaUbria  may  be  regarded 
as  unexplored,  as  also  Spain,  Portugal,  tlie  Barbary  States,  the  Ionian 
Isles,  Asia  Minor,  Cyprus,  Syria,  and  the  countries  between  the 
Caspian  and^lack  seas.  We  are,  in  truth,  beginning  to  obtain  some 
insight  into  one  small  spot  of  that  great  zone  of  volcanic  disturbance, 
the  district  around  Naples ;  a  tract  hj  no  means  remarkable  for  the 
violence  of  the  earthquakes  wliich  have  convulsed  it. 

If,  in  this  part  of  Campania,  we  are  enabled  to  establish,  that  con- 
siderable changes  in  the  relative  level  of  land  and  sea  have  taken 
place  since  the  Christian  era,  it  is  all  that  we  could  have  expected  ; 
and  it  is  to  recent  antiquarian  ond  geological  research,  not  to  his- 
tory, that  we  are  principally  indebted  for  the  information.  I  shall 
now  proceed  to  lay  before  the  reader  some  of  the  results  of  modem 
investigations  in  the  Bay  of  Baim  and  the  adjoining  coast. 


PROOFS  OF  ELEVATION   AND  SUBSIDEKGE  IM  THE   BAT  OF   BA1£. 

Temple  of  Jupiter  Serapis. — This  celebrated  monument  of  anli- 
quity,  a  representation  of  which  is  given  in  the  frontispiece*,  affords 
in  itself  atone,  jinequivocal  evidence  that  the  relative  level  of  land 
and  sea  has  changed  twice  at  Puzzuoli  since  the  Christian  era ;  and 
each  movement,  both  of  elevation  and  subsidence,   has  exceeded 


twenty  feet.     Before  examining  these  proofs,  I  may  observe,  that  a 
geological  examination  of  the  coast  of  the  Bay  of  Barn,  both  on  the 

•  TIiisTicwof  the  temple  (eubstiinlcd  Incida,  by  Mr   I'Anson,  to  illurtrate  a 

for  one  by  A.  do  Jorio,  given  in  rfia  paper  bj  Mr   Babbago  on  the  temple, 

earlier  editions)  has  been  reduced  from  read  March,  1834,  anS  'pjfe'taAifci  to.  ftw 

part   of  a  beantifnl   colonred   drawing  QnaR.    Joum.   of   li»   QwA.   ?*«.  ^ 

token  in  1836,  with  Ibe  aid  of  the  ctooen  London,  voL  m.  \S41. 
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norlli  and  south  of  PumuoU,  establUlies,  in  llie  moat  snliHraclorj'  inu- 
ner,  na  elevation,  at  no  remote  period,  of  more  iUhii  Iwi^niy  fi-*n,  M 
Ht  one  point,  of  more  than  thirty  feel ;  and  the  evidence  of  lUi 
cbuu^o  would  liare  Ven  complete,  if  even  the  templo  Lad.  to  t)k 
day,  remnin  undiscovered. 

Caatl  ioulh  of  PuzzuolL — If  we  const  along  the  stiore  from  Ntfikl 
to  PuzKUbli,  wo  find,  on  approncliing  the  laller  place,  tlutt  tlie  M^ 
nnd  |ireci|>itous  clitTs  of  indurated  luff,  reueniblini;  ttiiU  of  wbi^ 
Xnplea  it  huill,  retire  slightly  from  the  sea:  and  that  a  low  fenl 
tmct  of  fertile  lami,  of  a  very  difierent  uspeot,  iniervenos  beiw«eail< 
present  sea-beacli  nnd  what  wa*  evidently  the  ancient  line  ofMML 

The  inland  cliff  may  be  seen  opposite  the  small  ialftnil  of  Mbtl^ 

about  two  miles  and  a  half  eoiith-rast  uf  PuuuoU  (»ee  Hap,  Sf.¥t. 

p.  361.),  where,  at  the  height  of  tbirty-two  feel  above  the  level  of  tto 

eea,  Slr.lJahbage  observed  an  ancient  murk,  such  as  nilglit  batol^ 

worn  by  the  waves ;  ond,  upon  farther  examination,  discovered  iWi 

(ilong  that  line,  the  face  of  the  perpendicular  rock,  conaisiit^  of  ytrj 

hard  tuH",  was  covered  with  barnacles  (Balanut  lulcata*,  Jjualk.\  wA 

drilled  by  boring  teslacea.     Some  of  the  hollows  of  (be  lithodond  «•■ 

taioed  the  shells  j  while  others  were  filled  with  the  valves  of  a  spatial 

of  Arriv.  •     Nearer  to  Puizuoli,  ibe  i»- 

",.     land  Clin'  is  eiglily  feet  higli,  and  ss  ^■ 

"■■W.  i^^     pendiculnr  as  if  it  was  still  underoiiK^ 

iK^  H     by  the  waves.    At  its  base,  a  new  dfpsA 

i(V'""'!     ctinetituting  the  fertile  tract  above  il- 

I     !ii<Ifd  to,  nttainn  a  height  of  about  tweolj 

I'l'i't  above  the  sea  ;  and,  since  it  is  e^p 

\wied  of  regular  seditnentary  dep<Mil% 

containing    marine    shells,    its    pcMIiM 

proves  that,  subsequently  to  itt  fora^ 

"' T"r^i"^'"">^«n.'fis^w')! """''''     tion,  there  has  been  a  change  of  WO 

1' T*™'<Ji!!I^iM l!t "r"roi tuim..     than  twenty  feet  in  the  relative  levttsf 

""•'•'"*■"■  land  and  sen. 

The  sea  encroaches  on  these  new  incoherent  strata;  and  ■•  tki 
Boil  is  valuable,  a  wall  has  been  built  for  its  prolection ;  but  whM  I 
visited  the  spot  in  1828,  the  waves  had  swept  away  pare  of  ifcii 
rampart,  and  exposed  to  view  a  regular  series  of  stralA  of  tuff,  mot* 
or  less  argillaceous,  alternating  with  beds  of  pumice  and  Laptlli,  fA 
containing  great  abundance  of  marine  shells,  of  species  now  caoast 
on  this  coast,  and  amongst  them  Cardiiim  nulieum,  Ostrtm  «M^ 
Donar  Irunculas,  Lamk.,  nnd  others.  The  strata  vary  from  lliNl 
a  foot  to  a  foot  and  a  hnlf  in  thickness,  and  one  of  ibem  ooMriM 
abundantly  remiiins  of  works  of  art,  tiles,  squares  of  mosaic  psvtfflol 
of  different  colours,  nnd  small  sculptured  ornamonu,  perfectly  b»* 
injured.     Inlermlied  with  these  1  collected  some  teeth  uf  the  pij  tal 


■  Mr.  BsbVa^c  examined  ihii  siwi  in    ipKimi-ui  of  the  tliclU  cidlMttJ  il 
eomiwi]-   with  Sir    Edmuiid  Head   ia    uid  io  the  Tumpii  of  Scn|4h 
Jaue,  lS38,MidhMihownincai 
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OK.  Tliese  fragments  of  building  occnr  below  as  well  as  nboTe  atnM 
containing  marine  sheila.  Puzzuoli  itself  stands  diie&y  on  a  pr»- 
montory  of  tbe  older  tufaeeous  formation,  which  cuta  off  the  m« 
doposit,  nltbougU  I  detected  a  small  patch  of  the  latter  In  a  gsnle* 
under  the  town. 

From  the  town  the  rnins  of  n  raole,  called  Cidigula's  Bridge,  ntn  oat 
into  the  sea  (see  fig.  88.  p.  509. )-■  This  mole,  which  ia  beliend  U 
be  eighteen  centuries  old,  coosUts  of  a  numtier  of  piers  and  arditM, 
thirteen  of  which  are  now  standing,  and  two  others  appear  to  faxvebaA 
overthrown.  Mr.  Babbage  found,  on  the  sixth  pier,  perforatioM  4 
lithodomi  four  feet  above  the  level  of  the  sea ;  and,  near  the  termnulMl 
of  the  mole  on  the  last  piir  but  one,  marks  of  the  eame,  ten  TeM  AboM 
the  level  of  the  sea,  togethLirwith  great  numbers  of  baUni  and  iattn> 
The  depth  of  the  sea,  at  a  very  small  distance  from  most  of  tlie  pMI^ 
is  from  thirty  to  fifty  feet. 

Count  north  of  PaxzuoU. — If  we  then  pass  to  the  north  of  PttamA 
and  examine  the  coast  between  that  town  and  Monte  Nuoto^  w«  flol 
a  repetition  of  analogous  phenomena.  The  sloping  ftides  of  HoM 
Barbaro  slant  down  within  a  short  distance  of  the  coast,  and  tii  niiniM 
in  an  inland  cliff  of  modt-raie  elevation,  to  which  the  geologist  pereeitW 


J 


at  once  that  the  sea  must,  at  some  former  period,  bare  esteniM. 
Between  this  clitf  and  the  sea  is  a  low  plain  or  terrace,  called  U 
Starza  (c,  fig.  89.),  corresponding  to  that  before  described  on  the  sooll- 
east  of  the  town  ;  and  a.t  the  sea  encroaches  rapidly,  fresb  aectioM  J 
thcsiratamayreadily  be  obtained,  of  which  the  annexed  is  an 

Section  on  the  shore  north  of  the  town  of  Fuuuoli : — 


1.  VegcUble  soil 

S.  HoTiioiitAl  beds  of  pamice  and  x 

rolled  brirks.  bouca  of  luiimoli,  and  ir 
S.  Beds  of  lapilli,  contoiniug  idiunduin 

CanJmm  naticam.   Dtmai    tnacalai,  Iaou,    Oitrta  eJulu,    Tnlim 


B,  with  broken  frigmeot*  of  on- 

leshclU    - 

iiie  ihcBi.  prindpal); 


.,  uld  Buerimim  irmilim,  Brocchj,  the  bed]  varying 
in  thickness  trom  one  lo  ciglileen  inchcl     -  •  -  -  I 

i.  ArgiUoccoiu  luff,  cuataining  bricks  Bud  fr^menU  of  boiUingi  not 
ruundcd  by  attiitioo  .  .  -  •  . 


J 
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The  thickness  of  many  of  these  beds  varies  greatly  as  we  trace 
them  along  the  shore,  and  sometimes  the  whole  group  rises  to  a 
greater  height  than  at  the  point  above  described.  The  surface  of 
the  tract  which  they  compose  appears  to  slope  gently  upwards 
towards  the  base  of  the  old  cliffs. 

Now,  if  such  appearances  presented  themselves  on  the  coast  of 
England,  a  geologist  might  endeavour  to  seek  an  explanation  in  some 
local  change  in  the  set  of  the  tides  and  currents  :  but  there  are  scarce 
any  tides  in  the  Mediterranean;  and,  to  suppose  the  sea  to  have 
sunk  generally  from  twenty  to  twenty-five  feet  since  the  shores  of 
Campania  were  covered  with  sumptuous  buildings,  is  an  hypothesis 
obviously  untenable.  The  observations,  indeed,  made  during  modem 
surveys  on  tbe  moles  and  cothons  (docks)  constructed  by  the  ancients 
in  various  ports  of  the  Mediterranean,  have  proved  that  there  has 
been  no  sensible  variation  of  level  in  that  sea  during  the  last  two 
thousand  years.* 

Thus  we  arrive,  without  the  aid  of  the  celebrated  temple,  at  the 
conclusion,  that  the  recent  marine  deposit  at  Puzzuoli  was  upraised 
in  modern  times  above  the  level  of  the  sea,  and  that  not  only  this 
change  of  position,  but  the  accumulation  of  the  modern  strata,  was 
posterior  to  the  destruction  of  many  edifices,  of  which  they  contain 
the  imbedded  remains.  If  we  next  examine  the  evidence  afforded  by 
the  temple  itself,  it  appears,  from  the  most  authentic  accounts,  that 
the  three  pillars  now  standing  erect  continued,  down  to  the  middle  of 
the  last  century,  almost  buried  in  the  new  marine  strata  (c,  fig.  89.) 
The  upper  part  of  each  protruding  several  feet  above  the  surface  was 
concealed  by  bushes,  and  had  not  attracted,  until  the  year  1749,  the 
notice  of  antiquaries  ;  but,  when  the  soil  was  removed  in  1750,  they 
were  seen  to  form  part  of  the  remains  of  a  splendid  edifice,  the  pave- 
ment of  which  was  still  preserved,  and  upon  it  lay  a  number  of 
columns  of  African  breccia  and  of  granite.  The  original  plan  of  the 
building  could  be  traced  distinctly :  it  was  of  a  quadrangular  form, 
seventy  feet  in  diameter,  and  the  roof  had  been  supported  by  forty-six 
noble  columns,  twenty-four  of  granite,  and  the  rest  of  marble.  The 
large  court  was  surrounded  by  apartments,  supposed  to  have  been 
used  as  bathing-rooms ;  for  a  thermal  spring,  still  used  for  medicinal 
purposes,  issues  just  behind  the  building,  and  the  water  of  this  spring 
appears  to  have  been  originally  conveyed  by  a  marble  duct,  still  ex- 
tant)  into  the  chambers,  and  then  across  the  pavement  by  a  groove  an 
inch  or  two  deep,  to  a  conduit  made  of  Roman  brickwork,  by  which  it 
gained  the  sea. 

Many  antiquaries  have  entered  into  elaborate  discussions  as  to  the 
deity  to  which  this  edifice  was  consecrated.  It  is  admitted  that, 
among  other  images  found  in  excavating  the  ruins,  there  was  one  of 
the  god  Serapis ;  and  at  Puzzuoli  a  marble  column  was  dug  up,  on 

Hamilton's  view,  plate  26.,  Campi  Phle-        f  On  the  anthoritj  of  Captain  W.  H. 
gr«i  (reduced  in  fig.  88.  p.  509.)  is  taken,    Smyth,  B.  N. 
and  on  which,  he  sajrs,  Cicero's  vflla, 
called  the  Academia,  aocientlj  itood. 
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which  was  carceil  an  ancient  inscription,  of  the  date  of  the  buiWnf  oC 
Rome  648  (or  B.  c.  105),  entitled  "  Lei  parieti  faeiundo."  This  to- 
Bcription,  written  in  -very  obscure  Latin,  sets  forth  a  conirkct,  bettresK, 
the  municipality  of  the  town,  and  a  company  of  builders  who  undertMb 
to  keep  in  repair  certain  public  edifices,  the  Temple  of  Senipis  baaf 
mentioned  amongst  the  resl.and  described  as  being  near  or  Iawarditl4j 
Ben,  "mare  vorsum."  Sir  E<lmund  Head,  after  studying,  in  1828,  ll« 
topography  and  antiquities  of  this  district,  and  tlie  Greek,  Romao,  atd 
Italian  writers  on  the  subject,  informed  ine,  that  at  AlexMidria,  <■< 
the  Nile,  llie  chief  seat  of  the  worship  of  Serapia,  there  waa  a  Set*- 
peum  of  the  same  form  as  this  temple  at  Fuzzuoli,  and  Burmunded  ia 
like  manner  by  chambers,  in  which  the  devotees  were  ai;custaiiifd  ■» 
pass  the  night,  in  the  hope  of  receiving  during  sleep  a  mveUliea 
from  the  god,  as  to  the  nature  and  cure  of  their  diseases.  Hficee  it 
was  very  natural  that  the  priests  of  Serapis,  a  panthctsti<!  dirioity, 
who.  among  other  usurpations,  had  appropriated  to  himeelf  tbe  iltri- 
butes  of  EsculapiuB,  should  regard  the  hot  spring  as  a  suitable  Mfpt*- ' 
dage  to  the  temple,  although  the  original  Serapeum  of  Alexaadrii . 
could  boast  no  such  medicinal  waters.  Signer  Carelli '  and  othen,  ia 
objecting  to  these  views,  have  insisted  on  the  fact,  that  the  wonfaip  of  i 
Serapis,  which  we  knoiv  prevailed  at  Rome  in  the  davs  of  Caiultm 
(in  the  first  century  before  Clirisi),  wa*  prohiliiied  by  the  Roman  Se- 
nate, during  the  reign  oEthe  Emperor  Tiberius.  But  there  is  little 
doubt  that,  during  the  reigns  of  that  Emperor 's  successors,  tbe  sbrioei 
of  the  Egyptian  god  were  again  thronged  by  zealous  votaries;  and 
in  no  placemore  so  than  at  Puteoli  (now  Fuzzuoli},  one  of  tbe  prin- 
cipal marts  for  the  produce  of  Alexandria. 

Without  entering  farther  into  an  inquiry  which  is  not  strictly 
geological,  I  shall  designate  this  valuable  relic  of  antiquity  by  its 
generally  received  name,  nnd  proceed  to  consider  the  mcmori^  of 
physical  changes  inscribed  on  the  three  standing  columns  in  most 
legible  characters  by  the  hand  of  Nature.  (See  Frontispiece.)  These 
pillars,  which  have  been  carved  each  out  of  a  single  block  of 
marble,  are  forty  feet  three  inches  and  a  half  id  height.  An  bori> 
zontal  fissure  nearly  intersects  one  of  the  columns ;  tbe  other  two 
are  entire.  They  are  all  slightly  out  of  the  perpendicular,  indiniog 
somewhat  to  the  south-west,  that  is,  towards  the  se«,f  Their 
surface  is  smooth  and  uninjured  to  the  height  of  about  twelve  frti 
above  their  pedestals.  Above  this  is  a  zone,  about  nine  feel  i« 
height,  where  the  marble  has  been  pierced  by  a  species  of  nariBC 
perforating  bivalve — Litkodomus,  Cuv.  J  The  holes  of  these  aninult 
are  pear-shaped,  the  externol  opening  being  minute,  and  gradDallj 
increasing  downwards.     At  the  bottom  of  tbe  cavities,  many  slieUi 

*  Dijscrtaiione  lulla  Sagra  Architte-  colninns  having  been  each  fomwd  oat  i' 
tar*  deiili  AniichL  a  tinglu  stone  tu  Rtm  pouil«l  out  ft  b( 

f  This  appears  Trom  the  ineasorFmcTit  by  Mr.  Jamei  Hall,  an^  u  imponaaL  ■< 
of  Capl«riB«*ilHBl\,'R.'B.,'PTocee<t«igs  helping  to  explaia  why  tbej  •■»  ■• 
of  Geol.  Soc.,Sd.  38.  p.\\*.  ■■  teeiiao    Auiissn dtwn. 

Patchwork,  by  ioa  same  s.W.\raT,-<QV  w\.        \  M<>«da\iAi^^B^  Um.    i^ 
p.  IM.     The  tact  ot  llie  tlw*"-  Wa^i^^-i   l»tlKTkap».\in^ 
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are  still  found,  notwithstanding  the  great  numbers  that  have  been 
taken  out  by  visitors ;  in  many  the  valves  of  a  species  of  area,  an 
animal  which  conceals  itself  in  small  hollows,  occur.  The  perfor- 
ations are  so  considerable  in  depth  and  size,  that  they  manifest  a 
long-continued  abode  of  the  lithodomi  in  the  columns  ;  for^  as  the 
inhabitant  grows  older  and  increases  in  size,  it  bores  a  larger  cavity, 
to  correspond  with  the  increased  magnitude  of  its  shelL  We  must, 
consequently,  infer  a  long-continued  immersion  of  the  pillars  in  sea- 
water,  at  a  time  when  the  lower  part  was  covered  up  and  protected 
by  marine,  fresh- water,  and  volcanic  strata,  afterwards  to  be  described, 
and  by  the  rubbish  of  buildings ;  the  highest  part,  at  the  same  time, 
projecting  above  the  waters,  and  being  consequently  weathered,  but 
not  materially  injured.    See  fig.  90.  p.  514. 

On  the  pavement  of  the  temple  lie  some  columns  of  marble,  which 
are  also  perforated  in  certain  parts ;  one,  for  example,  to  the  length 
of  eight  feet,  while,  for  the  length  of  four  feet,  it  is  uninjured. 
Several  of  these  broken  columns  are  eaten  into,  not  only  on  the  ex- 
terior, but  on  the  cross  fracture,  and,  on  some  of  them,  other  marine 
animals  (serpulae,  &c.)  have  fixed  themselves.*  All  the  granite 
pillars  are  untouched  by  lithodomi.  The  platform  of  the  temple, 
which  is  not  perfectly  even,  was,  when  I  visited  it  in  1828,  about 
one  foot  below  high-water  mark  (for  there  are  small  tides  in  the 
bay  of  Naples) ;  and  the  sea,  which  was  only  one  hundred  feet 
distant,  soaked  through  the  intervening  soil.  The  upper  part  of 
the  perforations,  therefore,  were  at  least  twenty-three  feet  above  high- 
water  mark ;  and  it  is  clear  that  the  columns  must  have  continued 
for  a  long  time  in  an  erect  position,  immersed  in  salt  water,  and  then 
the  submerged  portion  must  have  been  upraised  to  the  height  of 
about  twenty-three  feet  above  the  level  of  the  sea. 

By  excavations  carried  on  in  1828,  below  the  marble  pavement  on 
which  the  columns  stand,  another  costly  pavement  of  mosaic  was 
found,  at  the  depth  of  about  five  feet  below  the  upper  one  (a,  b,  fig.  90.). 
The  existence  of  these  two  pavements,  at  different  levels,  clearly 
implies  some  subsidence  previously  to  the  building  of  the  more 
modern  temple  which  had  rendered  it  necessary  to  construct  the  new 
floor  at  a  higher  level. 

We  have  already  seen  (p.  512.)  that  a  temple  of  Serapis  existed  long 
before  the  Christian  era.  The  change  of  level  just  mentioned  must 
have  taken  place  some  time  before  the  end  of  the  second  century,  for 
inscriptions  have  been  found  in  the  temple,  from  which  we  learn  that 
Septimius  Severus  adorned  its  walls  with  precious  marbles,  between  the 
years  194  and  211  of  our  era,  and  the  emperor  Alexander  Severus 
displayed  the  like  munificence  between  the  years  222  and  235.  | 
From  that  era  there  is  an  entire  dearth  of  historical  information  for  a 
period  of  more  than  twelve  centuries,  except  the  significant  fact  that 
Alaric  and  his  Goths  sacked  Fiizzuoli  in  456,  and  that  Grenseric  did 

*  Serpula  cmtortuplicata,  Linn.,  and    habitants  of  the  tic^^^i^mxVx^^  «e»^ 
Vermilia  trignetni,  Lam.   These  species,        f  Brieslak,  Yoy.  daxA  "W  Comvis^ 
as  well  as  Oie  ZUhodomus,  are  now  in-  .  torn.  ii.  p.  167. 
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Ihc  like  in  5*5,  a.d.     Yet  we  liuve  fortunately  a  sf-rica  of  iii 
nrcliivea  aelf-regtstered  during  tlie  dark  age^,  by  whii-h  many  e 
whioli  occurred  in  nail  about  the  temple  are  reTentcl  to  as.     Th«n  j 
natural  records  consist  jiarlly  of  deposilB,  wliicli  envelop  th«  p 
below  the  zone  of  litbodooious  perrorations,  ami  partly  of  thoM  n 
surround  the  outer  walls  of  the  temple.     Mr>  Babbage  after  a  BR 
examination  of  these  has  shown  (ste  p.  607.  note,)  that  idmh 
on  the  walls  of  the  exterior  chambers  and  on  the  floor  of  the  ll 
*  demonstrate  that  the  pavement  did  not  sink  down  suddenljr^ 
depressed  by  a  gradual  movement.     The  sea  first  entered  I 
or  alriuni  and  mingled  its  waters  partially  with  those  ( 
spring.    From  this  brackish  medium  a  dark  calcareoos  precipj 
fig.  90.)  was  tlirown  down,  which  became,  in  the  course  of  tf 


than  two  feet  thick,  including  some  serpulx  in  it.  The  presence  of 
these  annelids  teaches  us  that  the  water  was  salt  or  brackish.  After 
this  period  the  temple  was  filled  up  with  an  irregular  moss  of  vol- 
canic tufi*  (_dd,  fig.  90.),  probably  derived  from  an  ernption  of  tbe 
neighbouring  crater  of  the  Solfatara,  to  the  height  of  from  five  to 
nine  feet  above  the  pavement.  Over  this  again  a  purely  freahwater 
deposit  of  carbonate  of  lime  (ee,  fig.  90.)  accumulated  with  an  immm 
bottom  sinceit  necessarily  accommodated  itself  to  the  irregular  ootlina 
of  the  upper  surface  of  the  volcanic  shower  before  thrown  down.  The 
top  of  the  same  deposit  (a  freshwater  limestone)  wu  perfectly  even  aai 
flat,  bespeaking  an  ancient  water  level.  It  is  suggested  by  Hr. 
Babbage  that  this  freshwater  lake  may  have  been  caused  by  the  &fl 
of  ashes  which  choked  up  the  channel  previously  commnnicating  witk 
the  sea,  so  that  the  hot  spring  threw  down  calcureoas  matts  in 
the  atrium,  without  any  marine  intermixture.  To  the  freshwatsr 
limestone  succeeded  another  irregular  mass  of  volcmnic  ubes  tai 
rubbish  (//,  fig.  90.),  some  of  it  perhaps  washed  in  by  tbe  w«TM€f 
the  sea  during  a  storm,  its  surface  rising  to  ten  or  eleven  feet  ftbon 
the  pavement.  And  thus  we  arrive  at  the  period  of  grentest  dqnc^ 
sion  expressed  in  the  accompanying  diagram,  when  the  lower  lulf  rf 
the  pillars  were  enveloped  in  the  deposits  abore  eumentad,  wd  thi 
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Uppermost  twenty  feet  were  exposed  in  the  atmosphere,  the  remaining 
or  middle  portion,  about  nine  feet  long,  being  for  years  immersed  in  salt 
water  and  drilled  by  perforating  bivalves.  After  this  period  other  strata, 
consisting  of  showers  of  volcanic  ashes  and  materials  washed  in  during 
storms,  covered  up  the  pillars  to  the  height  in  some  places  of  thirty- 
five  feet  above  the  pavement  The  exact  time  when  these  enveloping 
masses  were  heaped  up,  and  how  much  of  them  were  formed  during 
submergence,  and  how  much  after  the  re-elevation  of  the  temple,  cannot 
be  made  out  with  certainty. 

The  period  of  deep  submergence  was  certainly  antecedent  to  the 
close  of  the  fifteenth  century.  Professor  James  Forbes*  has  reminded 
us  of  a  passage  in  an  old  Italian  writer  Lofiredo,  who  says  that  in 
1530,  or  fifty  years  before  he  wrote,  which  was  in  1580,  the  sea  washed 
the  base  of  the  hills  which  rise  from  the  flat  land  called  La  Starza, 
as  represented  in  fig.  90. ;  so  that,  to  quote  his  words,  "  a  person 
might  then  have  fished  from  the  site  of  those  ruins  which  are  now 
called  the  stadium"  (A,  fig.  90.). 

But  we  know  from  other  evidence  that  the  upward  movement 
had  begun  before  1530,  for  the  Canonico  Andrea  di  Jorio  cites  two 
authentic  documents  in  illustration  of  this  point.  The  first,  dated  Oct. 
1503,  is  a  deed  written  in  Italian,  by  which  Ferdinand  and  Isabella 
grant  to  the  University  of  Puzzuoli  a  portion  of  land,  "  where  the  sea 
is  drying  up  "  (che  va  seccando  el  mare) ;  the  second,  a  document  in 
Latin,  dated  May  23.  1511,  or  nearly  eight  years  after,  by  which 
Ferdinand  grants  to  the  city  a  certain  territory  around  Puzzuoli, 
where  the  ground  is  dried  up  from  the  sea  (desiccatum).! 

The  principal  elevation,  however,  of  the  low  tract  unquestionably 
took  place  at  the  time  of  the  great  eruption  of  Monte  Nuovo  in  1538. 
That  event  and  the  earthquakes  which  preceded  it  have  been  already 
described  (p.  368.);  and  we  have  seen  that  two  of  the  eye-witnesses  of 
the  convulsion,  Falconi  and  Giacomo  di  Toledo,  agree  in  declaring  that 
the  sea  abandoned  a  considerable  tract  of  the  shore,  so  that  fish  were 
taken  by  the  inhabitants ;  and,  among  other  things,  Falconi  mentions 
that  he  saw  two  springs  in  the  newly  discovered  ruins. 

The  fiat  land,  when  first  upraised,  must  have  been  more  extensive 
than  now,  for  the  sea  encroaches  somewhat  rapidly,  both  to  the  north 
and  south-east  of  Puzzuoli.  The  coast  had,  when  I  examined  it  in 
1828,  given  way  more  than  a  foot  in  a  twelvemonth;  and  I  was 
assured,  by  fishermen  in  the  bay,  that  it  has  lost  ground  near  Puz- 
zuoli, to  the  extent  of  thirty  feet,  within  their  memory. 

It  is,  moreover,  very  probable  that  the  land  rose  to  a  greater  height 
at  first  before  it  ceased  to  move  upwards,  than  the  level  at  which  it  was 
observed  to  stand  when  the  temple  was  re-discovered  in  1749,  for  we 
learn  from  a  memoir  of  Niccolini^  published  in  1838,  that  since  the 
beginning  of  the  nineteenth  century,  the  temple  of  Serapis  has  subsided 
more  than  two  feet.    That  learned  architect  visited  the  ruins  fre- 

•  Ed.  Jonm.  of  Science,  new  series,       f  ^^  Tempio  di  Serap.  cbu^im. 
No.  n.  p.  281. 
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quentty.  Tor  the  sake  of  inaking  drawings,  in  the  beginning  of  ibi 
year  1807,  and  was  in  the  habit  of  remaining  there  throughout  tha 
day,  yel  never  saw  the  pavement  overflowed  by  the  sea,  except  oco- 
eionally  when  the  south  wind  blew  violently.  On  his  return,  Btit«ta 
years  after,  to  auperintenU  some  excavations  ordered  by  tbo  king  vt 
Naples,  he  found  the  pavement  covered  by  sea-water  twice  every  diy 
at  high  tide,  bo  that  he  was  obliged  to  place  there  a  line  of  »toMi 
to  stand  upon.  This  induced  him  to  make  a  series  of  observatiom 
from  Oct.  1822  to  July  1638,  by  which  means  he  ascertained  that  ikt 
ground  had  been  and  was  siaiting,  al  the  average  rate  of  about  sevoi 
millimetres  a.  year,  or  about  one  inch  in  four  years  ;  so  that,  in  183^ 
fish  were  caught  every  day  on  that  part  of  the  pavement  wberc^  ia 
1807,  there  was  never  a  drop  of  water  in  calm  weather.* 

On  inquiring  still  more  recently  as  to  the  condition  of  the  tcia{ito . 
and  the  eonlinuanee  of  the  sinking  of  the  ground,  I  learn  from  SigMTj 
Seacchi  in  a  letter,  dated  June  1852,  that  the  downward  moi 
has  ceased  for  several  years,  or  has  at  least  become  almost  in^^ir^j 
ciable.  During  an  examination  undertaken  by  him  at  mj  rci^aesi  ik 
the  summer  of  that  year  (1852),  he  observed  that  the  rising  lidaqina^ 
first  over  the  seaward  side  of  the  fiat  surface  of  the  pedestals  of  eaefa 
column  (confirming  the  fact  previously  noticed  by  others,  that  thry 
are  out  of  iiw.  jicrjiendicular)  ;  and  he  also  leiuarktd  that  the  wattf 
gained  unequally  on  the  base  of  each  pillar,  in  such  a  manner  as  to  provs 
that  they  have  neither  the  same  amount  of  inclination,  nor  lesn  pK* 
cisely  in  the  same  direction. 

From  what  was  said  before  (p.  510.),  we  saw  that  the  marine  sbelb 
in  the  strata  forming  the  plain  called  La  Starzo,  considered  separately, 
establish  the  fact  of  an  upheaval  of  the  ground  to  the  height  of 
twenty-three  feet  and  upwards.  The  temple  proves  much  more,  be- 
cause it  could  not  have  been  built  originally  under  water,  and  rnuH 
therefore  first  have  sunk  down  twenty  feet  at  least  below  the  wavei, 
to  be  afterwards  restored  to  its  original  position.  Yet  if  sucb  wu 
the  order  of  events  we  ought  to  meet  with  other  independent  signi  of 
n  like  subsidence  round  the  margin  of  a  bay  once  so  studded  with 
buildings  as  the  bay  of  Baie.  Accordingly  memorials  of  such  sub- 
mergence are  not  wanting.  About  a  mile  north-west  of  the  tem[^  <d 
Serapis,  and  about  500  feet  from  the  shore,  are  the  ruins  of  s  temple 
of  Neptune  and  others  of  a  temple  of  the  Nymphs,  sow  under  water. 
The  columns  of  the  former  edifice  stand  erect  in  five  feet  water,  tbor 
upper  portions  just  rising  to  the  surface  of  the  se^  The  pedestals  ata 
doubtless  buried  in  the  sand  or  mud ;  so  that,  if  this  part  of  the  bottom 
of  the  bay  should  hereafter  be  elevated,  the  exhumation  of  these  temple* 
might  take  place  after  the  manner  of  that  of  Serapis.  Both  tbcee 
buildings  probably  participated  in  the  movement  which  raised  tht 
Starza ;  but  either  they  were  deeper  under  water  than  the  templ> 
of  Serapis,  or  they  were  not  raised  up  again  to  so  great  ■  heigw 

•  Tavola  Metric*  ChronoWiti,  lie.  ^ 
Sapoli,  18M.  Mr.  Snndi,  iS  Sortuoi  i 
Hill,  writing  in  1847,  WiJMiei lift "»   i'A.ii->Wl. 
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There  are  also  two  Roman  roads  under  water  in  the  baj,  one  reaching 
from  Puzzuoli  to  the  Lucrine  Lake,  which  maj  stiU  be  seen,  and 
the  other  near  the  castle  of  Bales  (No.  8.,  fig.  88.  p.  509.).  The  ancient 
mole,  too,  of  Puzzuoli  (No.  4.  ibid.)  before  alluded  to,  has  the  water 
up  to  a  considerable  height  of  the  arches;  whereas  Brieslak  justly 
observes,  it  is  next  to  certain  that  the  piers  must  formerly  have 
reached  the  surface  before  the  springing  of  the  arches  * ;  so  that, 
although  the  phenomena  before  described  prove  that  this  mole  has 
been  uplifted  ten  feet  above  the  level  at  which  it  once  stood,  it  is 
still  evident  that  it  has  not  yet  been  restored  to  its  original  position. 

A  modern  writer  also  reminds  us,  that  these  effects  are  not  so 
local  as  some  would  have  us  to  believe ;  for  on  the  opposite  side  of 
the  Bay  of  Naples,  on  the  Sorrentine  coast,  which,  as  well  as  Puz- 
zuoli, is  subject  to  earthquakes,  a  road,  with  some  fragments  of 
Eoman  buildings,  is  covered  to  some  depth  by  the  sea.  In  the  island 
of  Capri,  also,  which  is  situated  some  way  out  at  sea,  in  the  opening 
of  the  Bay  of  Naples,  one  of  the  palaces  of  Tiberius  is  now  covered 
with  water.f 

That  buildings  should  have  been  submerged,  and  afterwards 
upheaved,  without  being  entirely  reduced  to  a  heap  of  ruins,  will 
appear  no  anomaly,  when  we  recollect  that,  in  the  year  1819,  when 
the  delta  of  the  Indus  sank  down,  the  houses  within  the  fort  of 
Sindree  subsided  beneath  the  waves  without  being  overthrown.  In 
like  manner,  in  the  year  1692,  the  buildings  around  the  harbour  of 
Port  Royal,  in  Jamaica,  descended  suddenly  to  the  depth  of  between 
thirty  and  fifty  feet  under  the  sea  without  falling.  Even  on  small 
portions  of  land  transported  to  a  distance  of  a  mile  down  a  declivity, 
tenements,  like  those  near  Mileto,  in  Calabria,  were  carried  entire. 
At  Valparaiso  buildings  were  left  standing  in  1822,  when  their 
foundations,  together  with  a  long  tract  of  the  Chilian  coast,  were 
permanently  upraised  to  the  height  of  several  feet.  It  is  still  more 
easy  to  conceive  that  an  edifice  may  escape  falling  during  the  upheaval 
or  subsidence  of  land,  if  the  walls  are  supported  on  the  exterior  and 
interior  with  a  deposit  like  that  which  surrounded  and  filled  to  the 
height  of  ten  or  eleven  feet  the  temple  of  Serapis  all  the  time  it  was 
sinking,  and  which  enveloped  it  to  more  than  twice  that  height  when 
it  was  rising  again  to  its  original  leveL 

We  can  scarcely  avoid  the  conclusion,  as  Mr.  Babbage  has  hinted, 
''that  the  action  of  heat  is  in  some  way  or  other  the  cause  of  the  phe- 
nomena of  the  change  of  level  of  the  temple.  Its  own  hot  spring,  its 
immediate  contiguity  to  the  Solfatara,  its  nearness  to  the  Monte  Nuovo, 
the  hot  spring  at  the  baths  of  Nero  (No.  6.  ^g.  88.),  on  the  opposite 
side  of  the  Bay  of  Baise ;  the  boiling  springs  and  anci^t  volcanos  of 
Ischia  on  one  side  and  Vesuvius  on  the  other,  are  the  most  prominent 

*  Voj.  dans  la  Campanie,  tome  ii  1829.    When  I  visited   Puzzuoli,  and 

p.  162.  arrived  at  the  above  conclusionfl,  I  knew 

t  Mr.  Forbes,  Phjsical  Notices  of  the  nothing  of  Mr.  Forbes' «  o\yai&rra2BtfsiA^ 

Bay  of  Naples.    £d.    Joom.  of  ScL,  which  I  first  saw  on  my  t^^tn  V>  YtTk%> 

Ko.  IL,  new  aeriea,  p,  280.     October,  land  the  year  foUowing. 
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of  ft  multitude  of  facta  which  point  to  that  concluaioa."  '  And  w 
wtt  reflect  od  the  dates  of  the  principal  oscillatioas  of  level,  and  tba 
rolr&nic  history  of  iLe  country  before  described  (chap.  23.),  yre  seen  to 
discover  a  connection  between  e&ch  era  of  upheaval  and  a  loc&l  de*b- 
lopniout  of  volcanic  beat,  and  again  between  each  era  of  depreonoB 
aud  the  local  quiescence  or  dormant  condition  of  the  subteiraDMB 
igneous  causes.  Thns  for  example,  before  the  Christian  era,  nrhea  w 
many  vents  were  in  frequent  eruption  in  Ischio,  and  when  AvenM 
and  other  points  in  tiie  Phlegnean  Fields  vera  celebrated  for  tfan 
Tokanic  aspect  and  character,  the  ground  on  which  the  temple  stood 
was  eeverul  feet  above  water.  Vesuvius  was  tlien  regarded  as  a  spial 
volcano;  but  when,  after  tlie  Christian  cm,  the  fires  of  that  monntua 
were  rekindled,  scarcely  a  single  outburst  was  ever  witnessed  in  lAchiii 
or  around  the  Buy  of  Baiie.  Then  tbe  temple  was  sinking.  Vesuviia 
at  a  (subsequent  period,  became  nearly  dormant  for  five  cenimie* 
preceding  the  great  outbreak  of  1631  (see  p.  374.),  and  in  that  inlenil 
the  Solfatara  wss  in  eruption  a.  v.  1I(|8,  Ischia  in  1302.  and  Silonla 
KuoTo  was  formed  in  163S.  Then  the  foundations  on  whii?h  the  temple 
stood  were  rising  again.  Lastly,  Vesuvius  once  more  became  a  taot 
ttctivo  tent,  and  has  been  ao  ever  Bince,  and  during  tbe  same  Up«e  tt 
time  the  area  of  the  temple,  so  far  as  we  know  anylhing  of  its  histoiy, 
has  been  .lubskling. 

These  phenomena  would  agree  well  with  the  hypothesis,  that  whea 
the  subterranean  heat  is  on  the  increase,  and  when  lava  is  fonning 
without  obtaining  an  easy  vent,  like  that  afforded  by  a  great  habituil 
chimney,  such  oj  Vesuvius,  the  incumbent  surfaee  is  uplifted,  but  when 
the  heated  rocks  below  are  cooling  and  contracting,  and  sheets  of  lavs 
are  slowly  consolidating  and  diminishing  in  volume,  then  the  incnm- 
bent  land  subsides. 

SignoT  Niccolini,  when  he  ascertained  in  183S  that  the  relatire 
levels  of  the  floor  of  the  temple  and  of  the  sea  were  slowly  changing 
from  year  to  year,  embraced  the  opinion  that  it  was  the  sea  whicb 
was  rising.  But  Signer  Capocci  successfully  controverted  this  view, 
appealing  to  many  appearances  which  attest  the  local  character  of  the 
movements  of  the  adjoining  country,  besides  the  historical  fact  that 
in  1538,  when  the  sea  retired  permanently  200  yards  from  the  ancioit 
shore  at  Puzzuoli,  there  was  no  simultaneous  retreat  of  the  waters 
from  Naples,  Castelamare,  and  Ischia.f 

Permanence  of  the  ocean's  level. —  In  concluding  this  subject  I 
may  observe,  that  the  interminable  controversies  to  which  the  phe- 
nomena of  the  Bay  of  Baite  gave  rise,  have  sprung  from  an  extreae 
reluctance  to  admit  that  the  land,  rather  than  the  sea,  is  subject 
alternately  t&  rise  and  fall.  Had  it  been  assumed  that  the  lerel  of 
the  ocean  was  invariable,  on  the  ground  that  no  fluctuations  have  M 
yet  been  clearly  established,  and  that,  on  the  other  hand,  the  «•• 
tinents  are  inconstant  in  their  level,  as  has  been  demonstrated  by  tbt 
most  UDequ'ivocal  pioofa  a^&iu  and  again,  from  the  time  of  Stcatm  tfl 
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our  own  times,  the  appearances  of  the  temple  at  Puzzuoli  could 
never  have  heen  regarded  as  enigmaticaL  Even  if  contemporary 
accounts  had  not  distinctly  attested  the  upraising  of  the  coast,  this 
explanation  should  have  heen  proposed  in  the  first  instance  as  the 
most  natural,  instead  of  heing  now  adopted  unwillingly  when  all 
others  have  failed. 

To  the  strong  prejudices  still  existing  in  regard  to  the  mobility  of 
the  land,  we  may  attribute  the  rarity  of  such  discoveries  as  have 
been  recently  brought  to  light  in  the  Bay  of  BaisB  and  the  Bay  of 
Conception.  A  false  theory,  it  is  well  known,  may  render  us  blind 
to  facts  which  are  opposed  to  our  prepossessions,  or  may  conceal  from 
us  their  true  import  when  we  behold  them.  But  it  is  time  that  the 
geologist  should,  in  some  degree,  overcome  those  first  and  natural 
impressions  which  induced  the  poets  of  old  to  select  the  rock  as  the 
emblem  of  firmness — the  sea  as  the  image  of  inconstancy.  Our 
modem  poet,  in  a  more  philosophical  spirit,  saw  in  the  sea  '*The 
image  of  eternity,"  and  has  finely  contrasted  the  fieeting  existence  of 
the  successive  empires  which  have  flourished  and  fallen  on  the 
borders  of  the  ocean  with  its  own  unchanged  stability. 


Their  decay 


Has  dried  up  realms  to  deserts : — not  so  thou. 
Unchangeable,  save  to  thy  wild  waves'  play : 
Time  writes  no  wrinkle  on  thine  azure  brow ; 
Such  as  creation's  dawn  beheld,  thoa  roUest  now. 

CmLDB  Habold,  Canto  iv. 


CHAPTER  XXX. 

ELEVATION   AND   SUBSIDENCE   OF   LAND  WITHOUT   EABTHQUAEES. 

Changes  in  the  relative  level  of  land  and  sea  in  regions  not  volcanic — Opinion  of 
Celsius  that  the  waters  of  the  Baltic  Sea  and  Northern  Ocean  were  sinking — Ob- 
jections raised  to  his  opinion — Proofe  of  the  stability  of  the  sea  level  in  the  Baltic 
— Playfair's  hypothesis  that  the  land  was  rising  in  Sweden — Opinion  of  Von 
Buch — Marks  cut  on  the  rocks —  Survey  of  these  in  1820— Facility  of  detecting 
slight  alterations  of  level  on  coast  of  Sweden — Shores  of  the  ocean  also  rising— 
Area  upheaved — Shelly  deposits  of  Uddevalla — Of  Stockholm,  containing 
fossils  shells  characteristic  of  the  Baltic — Subsidence  in  south  of  Sweden— 
Fishing-hut  buried  under  marine  strata — Upheaval  in  Sweden  not  always  in 
horizontal  planes — Sinking  of  land  in  Greenland — Bearing  of  these  facts  on 
geology. 

We  have  now  considered  the  phenomena  of  volcanos  and  earthqnakea 
according  to  the  division  of  the  subject  before  ptopo^d  1^^%  ^\^^W 
and  have  next  to  turn  our  attention  to  those  liow  «q^  Va^eii^'^^ 
chaageM  in  the  relative  level  of  land  and  sea  'whicYi  iskib  ^%.c^  ^^'^^ 
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countries  remote  from  volcanos,  and  where  no  violent  earthqnaka 
biLve  occurred  within  the  period  of  liumnn  obserTntion.     Eariy  la' 
the  last  century  the  Swedish  naturalist,  CelaiuB,  expressed  hisopiowa 
tliBt  the   waters,   both  of  the    Baltic   and   Northera    Ocean,   ■ 
gradually  Bubsidiog.     From  numerous  observations  he  inferred,  tkM 
the  rate  of  depression  was  aliout  forty  Swedtsli  inches  in  a 
tury.  •     In  support  of  this  position,  be  alleged  that  there  were  maay 
rocks  both  on  the  shores  of  the  Baltic  and  the  ocean  known  to  lia« 
been  once  sunken  reefs,   and   dangerous  to  navigators,   but  wbleb 
were  in  his  time  above  water — that  the  waters  of  the  Gulfof  Bothnia 
bad  been  gradually  converted  into  land,  several  ancient  ports  bavti^ 
been  changed  into  inland  cities,  small  islands  joined  to  the  cantineo^ 
and  old  fishing  grounds  deserted  as  being  too  sliallow,  or  entirelf 
iriid  up,     Celsius  also  maintained,  that  the  evidence  of  the  diaog* 
rested  not  only  on  modern  observations,  but  on  the  authority  of  tht  7 
cncient  geographers,  who  had  stated  that  Scandinavia  was  forowHy    | 
an  island.     This  island,  he  argued,  must  in  the  cour^  of  c«nlurie]^    . 
by  the  gradaal  retreat  of  the  sen,  have  become  connected  with  ibt  ■ 
continent;  an  event  which  he  supposed  to  have  happened  after  Ito  I 
time  of  Pliny,  and  before  the  ninth  century  of  our  era.  I 

To  this  nrjrument  it  was  objected  thai  the  ancients  were  so  ignonst 
of  the  geography  of  the  most  northern  parts  of  Europe,  that  tbetr 
authority  was  entitled  to  no  weight ;  and  that  their  representation  of 
Scandinavia  as  an  island,  might  with  more  propriety  be  adduced  to 
prove  the  scantiness  of  their  information,  than  to  confirm  so  bold  an 
hypothesis.  It  was  also  remarked,  that  if  the  land  which  connected 
Scandinavia  with  the  main  continent  was  laid  dry  between  the  tint 
of  Pliny  and  the  ninth  century,  to  the  extent  to  which  it  is  known  to 
have  risen  above  the  sea  at  the  latter  period,  the  rate  of  depresstoo 
conld  not  have  been  uniform,  as  was  pretended  ;  for  it  ought  to  han 
fallen  much  more  rapidly  between  the  ninth  and  eighteenth  centuries. 
Many  of  the  proofs  relied  on  by  Celsius  and  his  followers  wen 
immediately  controverted  by  several  pliilosophera,  who  saw  clearly 
that  a  fall  of  the  sea  in  any  one  region  could  not  take  place  withoot 
a  general  sinking  of  the  waters  over  the  whole  globe  ;  they  denied  that 
this  was  the  fact,  or  that  the  depression  was  universal,  even  in  the 
Baltic.  In  proof  of  the  stability  of  the  level  of  that  sea,  they  appealed 
to  the  position  of  the  island  of  Saltholm,  not  far  from  CopenhagCB- 
Tbis  island  is  so  low,  that  in  autumn  and  winter  it  is  permanently 
overflowed ;  and  it  is  only  dry  in  summer,  when  it  serres  for  pas- 
turing cattle.  It  appears,  from  the  documents  of  the  year  1280,  that 
Saltholm  was  then  also  in  the  same  state,  and  exactly  on  a  level 
with  the  mean  height  of  the  sea,  instead  of  having  been  about  twn^ 
feet  under  water,  as  it  ought  to  have  been,  according  to  the  ocnpa* 
tation  of  Celsius.  Severn!  towns,  also,  on  the  shores  of  the  Baltic, 
as  Lubeck,  Wismar,  Rostock,  Stralsund,  and  othera,  after  ax  and 

•  The  Swedish  mesaore  «WKt\T  M-    itftn  X;«{n«  VbSMwA  beag  Ism  Dm 
ten  irom  ooni  the  Io«  Vanij  toSfisA   o<m>si*«fc*«s^<»».'nA^ 
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even  eight  hundred  years,  are  as  little  elevated  above  the  sea  as  at 
the  era  of  their  foundation,  being  now  close  to  the  water's  edge.  The 
lowest  part  of  Dantzic  was  no  higher  than  the  mean  level  of  the  sea 
in  the  year  1000;  and  after  eight  centuries  its  relative  position 
remains  exactly  the  same.* 

Several  of  the  examples  of  the  gain  of  land  and  shallowing  of  the 
sea  pointed  out  by  Celsius,  and  afterwards  by  Linnaeus,  who  embraced 
the  same  opinions,  were  ascribed  by  others  to  the  deposition  of  sedi- 
ment at  points  where  rivers  entered ;  and,  undoubtedly,  Celsius  had 
not  sufficiently  distinguished  between  changes  due  to  these  causes 
and  such  as  would  arise  if  the  waters  of  the  ocean  itself  were  dimi- 
nishing. Many  large  rivers  descending  from  a  mountainous  country, 
at  the  head  of  the  Gulf  of  Bothnia,  enter  the  sea  charged  with  sand, 
mud,  and  pebbles  ;  and  it  was  said  that  in  these  places  the  low  land 
had  advanced  rapidly,  especially  near  Torneo.  At  Fiteo  also,  half  a 
mile  had  been  gained  in  forty-five  years ;  at  Luleo  f,  no  less  than  a 
mile  in  twenty -eight  years ;  facts  which  might  all  be  admitted  con- 
sistently with  the  assumption  that  the  level  of  the  Baltic  has  remained 
unchanged,  like  that  of  the  Adriatic,  during  a  period  when  the  plains 
of  the  Po  and  the  Adige  have  greatly  extended  their  area. 

It  was  also  alleged  that  certain  insular  rocks,  once  entirely  covered 
with  water,  had  at  length  protruded  themselves  above  the  waves, 
and  grown,  in  the  course  of  a  century  and  a  half,  to  be  eight  feet 
high.  The  following  attempt  was  made  to  explain  away  this  pheno- 
menon :  —  In  the  Baltic,  large  erratic  blocks,  as  well  as  sand  and 
smaller  stones  which  lie  on  shoals,  are  liable  every  year  to  be  frozen 
into  the  ice,  where  the  sea  freezes  to  the  depth  of  five  or  six  feet. 
On  the  melting  of  the  snow  in  spring,  when  the  sea  rises  about  half  a 
fathom,  numerous  ice-islands  float  away,  bearing  up  these  rocky  frag- 
ments so  as  to  convey  them  to  a  distance  ;  and  if  they  are  driven  by 
the  waves  upon  shoals,  they  may  convert  them  into  islands  by  depo- 
siting the  blocks  ;  if  stranded  upon  low  islands,  they  may  considerably 
augment  their  height. 

Browallius,  also,  and  some  other  Swedish  naturalists,  affirmed  that 
some  islands  were  lower  than  formerly ;  and  that,  by  reference  to  this 
kind  of  evidence,  there  was  equally  good  reason  for  contending  that 
the  level  of  the  Baltic  was  gradually  rising.  They  also  added  another 
curious  proof  of  the  permanency  of  the  water  level,  at  some  points  at 
least,  for  many  centuries.  On  the  Finland  coast  were  some  large 
pines,  growing  close  to  the  water's  edge ;  these  were  cut  down,  and, 
by  counting  the  concentric  rings  of  annual  growth,  as  seen  in  a 
transverse  section  of  the  trunk,  it  was  demonstrated  that  they  had 
stood  there  for  four  hundred  years.  Now,  according  to  the  Celsian 
hypothesis,  the  sea  had  sunk  about  fifteen  feet  during  that  period,  in 
which  case  the  germination  and  early  growth  of  these  pines  must 

• 

*  For  a  full  account  of  the  Cdsiaa        f  I^tio,  Luleo,  and  Obo  are  spelt,  in 
controversy,  wc  may  refer  our  readers    many  English  mapa,  'PVXAa^Xn^ftAN)  i^  \ 
to  Von  Hoff,  Geschicbt^  &c   roL  l    the  a  is  not  Boimd^  m  ^<^  ^^^d^^a^ 

P*  ^^  diphthong  ao  ox  <&• 


hftve  been,  for  maoj  seasona,  below  the  level  of  the  water.  In  Uk 
m&Daer  it  vraa  asserted,  that  the  lower  walla  of  many  ancient  cutki 
such  as  those  of  Sonderburg  and  Abo,  reached  then  to  the  watv 
edfe,  and  must,  therefore,  according  to  the  theory  of  Celsius,  ha* 
been  originalXy  coaatTucted  below  the  level  of  the  sea. 

In  reply  to  t\iVa  \a3\  aTgvimwi^,  toViTvii  ^S^Uttaun,    a  Swedii 
CDgineer,  weU  acujmnlel  wVfti.  fee,  Y\u\mA  ««»,  MKawa.  nn^^i 
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o 

ise  of  the  walls  of  the  castle  of  Abo  is  now  ten  feet  above  the 
so  that  there  may  have  been  a  considerable  rise  of  the  land  at 
oint  since  the  building  was  erected. 

yfair,  in  his  **  Illustrations  of  the  Huttonian  Theory,  **  in  1802^ 
ted  the  sufficiency  of  the  proofs  adduced  by  Celsius,  but  attri- 
the  change  of  level  to  the  movement  of  the  land,  rather  than 
iiminution  of  the  waters.  He  observed,  '^  that  in  order  to 
)s  or  elevate  the  absolute  level  of  the  sea,  by  a  given  quantity, 
'  one  place,  we  must  depress  or  elevate  it  by  the  same  quantity 
the  whole  surface  of  the  earth ;  whereas  no  such  necessity 
with  respect  to  the  elevation  or  depression  of  the  land."*  The 
iiesis  of  the  rising  of  the  land  he  adds,  "  agrees  well  with  the 
nian  theory,  which  holds,  that  our  continents  are  subject  to  be 
upon  by  the  expansive  forces  of  the  mineral  regions ;  that  by 
forces  they  have  been  actually  raised  up,  and  are  sustained  by 
In  their  present  situation."  f 

;he  year  1807,  Von  Buch,  after  returning  from  a  tour  in  Scan- 
a,  announced  his  conviction,  "that  the  whole  country,  from 

o 

rickshall  in  Norway  to  Abo  in  Finland,  and  perhaps  as  far  as 
tersburgh,  was  slowly  and  insensibly  rising. "    He  also  sug- 

"  that  Sweden  may  rise  more  than  Norway,  and  the  northern 
than  the  southern  part.  "^  He  was  led  to  these  conclusions 
pally  by  information  obtained  from  the  inhabitants,  and  pilots, 
I  part  by  the  occurrence  of  marine  shells  of  recent  species, 
he  had  found  at  several  points  on  the  coast  of  Norway  above 
^el  of  the  sea.  He  also  mentions  the  marks  set  on  the  rocks, 
(uch,  therefore,  has  the  merit  of  being  the  first  geologist  who, 
k  personal  examination  of  the  evidence,  declared  in  favour  of 
le  of  land  in  Scandinavia. 

!  attention  excited  by  this  subject  in  the  early  part  of  the  last 
y,  induced  many  philosophers  in  Sweden  to  endeavour  to 
line,  by  accurate  observations,  whether  the  standard  level  of 
altic  was  really  subject  to  periodical  variations;  and  under 
iirection,  lines  or  grooves,  indicating  the  ordinary  level  of  the 
on  a  calm  day,  together  with  the  date  of  the  year,  were 
ed  out  upon  the  rocks.  In  1820-21,  all  the  marks  made  before 
frears  were  examined  by  the  officers  of  the  pilotage  establish- 
of  Sweden  ;  and  in  their  report  to  the  Royal  Academy  of 
lolm  they  declared,  that  on  comparing  the  level  of  the  sea  at 
ne  of  their  observations  with  that  indicated  by  the  ancient 
,  they  found  that  the  Baltic  was  lower  relatively  to  the  land  in 
1  places,  but  the  amount  of  change  during  equal  periods  of 
lad  not  been  every  where  the  same.  During  their  survey, 
ut  new  marks  for  the  guidance  of  future  observers,  several  of 

I  had  an  opportunity  of  examining  fourteen  years  after  (in 
mmer  of  1 834),  and  in  that  interval  the  land  appeared  to  me  to 
isen  at  certain  places  north  of  Stockholm  four  or  fLu^  \Tif^<^« 

393.  f  Sect,  398.  %  TransL  oCbi&TiVT^^^^l 
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I  also  convinced  mysctf,  during  mj  visit  to  Sweden,  after 
witb  man^  civil  engineers,  pilots,  and  fishermi;n,  and  a(\er 
some  of  the  ancient  marks,  that  the  evidence  formt^rljr  nddued  a 
favour  of  the  change  of  level,  both  on  the  coasts  of  SwedcD  and  Po- 
land, wag  fuU  and  eatisfaclory.  •  The  alleration  of  level  erii^Hj 
diminishes  as  we  proceed  from  the  northern  parts  of  the  Gulf  J 
Bothnia  towards  the  south,  being  very  slight  around  StocUudsu 
Some  writers  have  indeed  represented  the  rate  of  depression  of  ik 
waters  at  Stockholm  as  very  considerable,  because  certaio  bouwi  ii 
that  city  which  ore  built  on  piles  have  sunk  down  witltia  the  meowy 
of  persons  still  living,  so  as  to  be  out  of  the  perpendicular;  and  tU> 
in  consequence  of  the  tops  of  the  piles  giving  way  and  decifio^ 
owing  to  a  fall  of  the  waters  which  bos  exposed  tbem  to  be  allR- 
nntely  wet  and  dry.  The  houses  alluded  to  ar«  situated  on  tk> 
borders  of  Lake  Maeler,  a  large  lake,  the  outlet  of  wlitcli  joins  (tei 
Baltic,  in  the  middle  of  Stockholm.  Tins  lake  is  certainly  lortj 
than  formerly;  but  the  principal  cause  of  the  cliango  is  not  the  fl*1 
TStion  of  the  land,  but  the  removal  of  two  old  bridges  buili  oa  pjk^' 
which  formerly  obstructed  the  discharge  of  the  frvsh  water  into  tte 
sea.  Another  cause  is  the  opening,  in  the  year  1819,  of  a  new  cull 
at  Soderlelje,  a  place  south  of  Stoekholin,  by  means  of  wUiek  a  wf 
line  of  communication  was  formed  between  Loke  Maeler  and  tin 
Bailie,  t 

It  will  naturally  be  asked,  whether  the  mean  level  of  a  sea  like  ti< 
Baltie  can  ever  be  determined  so  exactly  as  to  permit  us  to  apprf 
ciata  a  variation  of  level,  amounting  only  to  one  or  two  feet.  t» 
reply,  I  may  observe,  that,  except  near  the  Catlegat,  there  art  » 
tides  in  the  Baltic  ;  and  it  is  only  when  particular  winds  have  pn- 
vailcd  for  several  days  in  succession,  or  at  certain  seasons  wliea  thiR 
Las  been  an  unusually  abundant  influx  of  river  water,  or  when  ibo' 
causes  have  combined,  that  this  sea  is  made  to  rise  two  or  three  £"< 
above  its  standard  level.  The  fluctuations  due  to  these  causes  tff 
nearly  the  same  from  year  to  year ;  so  that  the  pilots  and  fishennea 
believe  and  apparently  with  reason,  that  they  can  mark  a  deviitisa, 
even  of  a  few  inches,  from  the  ordinary  or  mean  height  of  li< 
waters. 

Tliere  are,  moreover,  peculiarities  in  the  coufiguration  of  th 
shores  of  Norway  and  Sweden,  which  facilitate,  in  a  remaiislilt 
degree,  the  appreciation  of  slight  changes  in  the  relative  level  of  lu' 
and  water.  It  has  oHen  been  said,  that  there  are  two  coaM  ■ 
inner  and  an  outer  one ;  the  inner  being  the  shore  of  the  main  htii 
the  outer  one,  a  fringe  of  countless  rocky  islands  of  all  ' 
called  the  skiir  (lAatr).  Boats  and  small  vessels  make  their  « 
voyages  within  this  skar :  for  here  they  may  sail  in  smooth 


*  la  iho  earlier  editions  I  expressed    in   the   Philomphicjil    ' 
many  doubts  a«  to  the  validiij  of  the    I83S,  pan  L 

proofsotagtaduiiTiaeofliii'linSweden,  -f  Sec  Profbaot  Jahnnon'i Par*'>^ 
A  detailed  WaWniiiin  ot  &e  (AftEtvaiioo*  "Se*  \SoL  Jaum..  Sa  39  ,  Jolj  IW. 
which  1  made  in  tsa*,  anft  -hVk'h  \c4  tmS,  m-j  TtxnoAA,  "WuL  Ttua.  O* 
me  K>  (honge  mj  o^on,  "'^  ^  i'^^'^*-   «•  '^*- 
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eTen  when  the  sea  without  is  stronglj  agitated.  But  the  navigation 
is  very  intricate,  and  the  pilot  must  possess  a  perfect  acquaintance 
with  the  hreadth  and  depth  of  every  narrow  channel,  and  the  position 
of  innumerahle  sunken  rocks.  If  on  such  a  coast  the  land  rises  one 
or  two  feet  in  the  course  of  half  a  century,  the  minute  topography 
of  the  skar  is  entirely  altered.  To  a  stranger,  indeed,  who  revisits 
it  after  an  interval  of  many  years,  its  general  aspect  remains  the 
same  ;  hut  the  inhabitant  finds  that  he  can  no  longer  penetrate  with 
his  boat  through  channels  where  he  formerly  passed,  and  he  can  tell 
of  countless  other  changes  in  the  height  and  breadth  of  isolated  rocks, 
now  exposed,  but  once  only  seen  through  the  clear  water. 

The  rocks  of  gneiss,  mica-schist,  and  quartz  are  usually  very  hard 
on  this  coast,  slow  to  decompose,  and,  when  protected  from  the  breakers, 
remaining  for  ages  unaltered  in  their  form.  Hence  it  is  easy  to 
mark  the  stages  of  their  progressive  emergence  by  the  aid  of  natural 
and  artificial  marks  imprinted  on  them.  Besides  the  summits  of 
fixed  rocks,  there  are  numerous  erratic  blocks  of  vast  size  strewed 
over  the  shoals  and  islands  in  the  skar,  which  have  been  probably 
drifted  by  ice  in  the  manner  before  suggested.*  All  these  are 
observed  to  have  increased  in  height  and  dimensions  within  the  last 
half  century.  Some,  which  were  formerly  known  as  dangerous 
sunken  rocks,  are  now  only  hidden  when  the  water  is  highest.  On 
their  first  appearance,  they  usually  present  a  smooth,  bare,  rounded 
protuberance,  a  few  feet  or  yards  in  diameter ;  and  a  single  sea-gull 
often  appropriates  to  itself  this  resting-place,  resorting  there  to  devour 
its  prey.  Similar  points,  in  the  mean  time,  have  grown  to  long  reefs, 
and  are  constantly  whitened  by  a  multitude  of  sea-fowl ;  while  others 
have  been  changed  from  a  reef,  annually  submerged,  to  a  small  islet, 
on  which  a  few  lichens,  a  fir-seedling,  and  a  few  blades  of  grass, 
attest  that  the  shoal  has  at  length  been  fairly  changed  into  dry  land. 
Tliousands  of  wooded  islands  around  show  the  greater  alterations 
which  time  can  work.  In  the  course  of  centuries  also,  the  spaces 
intervening  between  the  existing  islands  may  be  laid  dry,  and  become 
grassy  plains  encircled  by  heights  well  clothed  with  lofty  firs.  This 
last  step  of  the  process,  by  which  long  fiords  and  narrow  channels, 
once  separating  wooded  islands,  are  deserted  by  the  sea,  has  been 
exemplified  within  the  memory  of  living  witnesses  on  several  parts 
of  the  coast. 

Had  the  apparent  fall  of  the  waters  been  observed  in  the  Baltic 
only,  we  might  have  endeavoured  to  explain  the  phenomenon  by 
local  causes  affecting  that  sea  alone.  For  instance,  the  channel  by 
which  the  Baltic  discharges  its  surplus  waters  into  the  Atlantic, 
might  be  supposed  to  have  been  gradually  widened  and  deepened  by 
the  waves  and  currents,  in  which  case  a  fall  of  the  water  like  that 
before  alluded  to  in  Lake  Maeler,  might  have  occurred.  But  the 
lowering  of  level  would  in  that  case  have  been  uniform  and  universal, 
and  the  waters  could  not  have  sunk  at  Tomeo,  while  iViey  T^\aASi%dL 

*SeejK  522, ;  alto  chap.  15.  wpra.^ 
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their  former  level  at  Copenhagen,  Such  an  expliinalion  ia  bIm>  n- 
tenable  on  other  grounds;  for  it  is  a  fact,  as  Celsius  long  agoaffime^ 
that  the  alteration  of  level  extends  to  the  western  8hor«a  of  Swfde^ 
bonlering  the  ocean.  The  signs  of  eievalion  observed  betwMi 
Uddevalla  imd  Gothenburg  are  na  well  eatablished  m  those  « 
shores  of  the  Bothniau  Gulf.  Among  the  places  where  (hejr  nn 
studied,  ore  the  islanila  of  Marstrand  and  Gulholmen,  the 
mentioned  locality  being  one  of  those  particularly  pointed  oi 
Celsius. 

The  inhabitants  tliere  and  eUewhere  allirro,  that  tlie  rate  of  111 
sinking  of  the  sea  (or  elevation  of  land)  varies  in    difiercfU  til 
adjoining  districts,  being  greatest  at  points  where  the  oo*st  is  bK, 
But  in  this  they  are  deceived ;  for  they  me&sure  the  aniouat  of  riM 
by  the  area  gained,  which  is   most   considerable    where   the  bal 
descends  with   a  gentle  slope  into  the  sea.     In  the  same  id 
some  advocates  of  the  Celaian  theory  formerly  ajtpeAled  to  the  it- 
crease  of  lands  near  the  mouths  of  rivers,  not  sufficiently  advoffing 
to  the  fact,  that  if  the  bed  of  the  sea  is  rising,  the  cltange  viS 
always  he  most  sensible  where  the  bottom  has  been  previously  i 
dor«d  shallow;  whereas,  at  a  distance  from  these  pnintD  what 
scarped  granitic  cliffs  plunge  at  once  into  deep  water,  n  much  grn 
amount  of  elevation  is  necessary  to  produce  an  equally  conspicoooi 
change. 

As  to  the  area  in  northern  Europe  which  is  subject  to  this  iImt 
upheaving  movement,  we  have  not  as  yet  sufficient  dal&  far  e*li- 
mating  it  correctly.  It  seems  probable,  however,  that  it  rtiKte 
from  Gothenburg  to  Torneo,  ant!  from  thence  to  the  North  C^pt,  li* 
rate  of  elevation  increasing  always  as  we  proceed  farther  nonhwtrJs 
The  two  extremities  of  this  line  arc  more  than  a  ihuu^auJ  gt^-^r^ 
phical  miles  distant  from  each  other;  and  as  both  terminate  in  tb 
ocean,  we  know  not  how  much  farther  the  motion  may  be  prolonged 
under  water.  As  to  the  breadth  of  the  tract,  its  limits  are  eqmDf 
uncertain,  though  it  evidently  extends  across  the  widest  parts  of  de 
Gulf  of  Bothnia,  and  may  probably  stretch  far  into  the  interior,  botfc 
of  Sweden  and  Finland.  Now  if  the  elevation  continue,  a  largerpsft 
of  the  Gulf  of  Bothnia  will  be  turned  into  land,  as  also  more  of 
the  ocean  off  the  west  coast  of  Sweden  between  Gothenburg  ui 
Uddevalla;  and  on  the  other  hand,  if  the  change  has  been  goingonfo 
thousands  of  years  at  the  rate  of  several  feet  in  a  century,  large  tracts 
ofwbatisnow  land  must  have  been  submanne  at  periods  oompacatinilj 
modern.  It  is  natural  therefore  to  inquire  whether  there  ate  uy 
signs  of  the  recent  sojourn  of  the  sea  on  districts  now  inland  ?  Tka 
answer  is  most  eatisfactory. — Near  Uddevalla  and  the  neighbooriif 
coastland,  we  find  upraised  deposits  of  shells  belonging  to  tpedli 
such  as  now  live  in  the  ocean  ;  while  on  the  opposite  or  eaatera  nds 
of  Sweden,  near  Stockholm,  Gcfle,  and  other  places  bordering  ibl 
Botbnian  Gulf,  there  are  analogous  beds  contiuiling  shdla  of  ipM* 
characteristic  of  the  Baltic 

YoD  BuchaanQ)aQeA\n'VWT)X3KtXh«  had  dinorertd  in  Norm; 
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and  at  Uddevalla  in  Sweden,  beds  of  shells  of  existing  species,  at 
considerable  heights  above  the  sea.  Since  that  time,  other  naturalists 
have  confirmed  his  observation ;  and,  according  to  Strom,  deposits 
occur  at  an  elevation  of  more  than  400  feet  above  the  sea  in  the 
northern  part  of  Norway.  M.  Alex.  Brongniart,  when  he  visited 
Uddevalla,  ascertained  that  one  of  the  principal  masses  of  shells,  that 
of  Capellbacken,  is  raised  more  than  200  feet  above  the  sea,  resting 
on  rocks  of  gneiss,  all  the  species  being  identical  with  those  now 
inhabitiiy  the  contiguous  ocean.  The  same  naturalist  also  stated, 
that  on  examining  with  care  the  surface  of  the  gneiss,  immediately 
above  the  ancient  shelly  deposit,  he  found  barnacles  (balani)  adhering 
to  the  rocks,  showing  that  the  sea  had  remained  there  for  a  long 
time.  I  was  fortunate  enough  to  be  able  to  verify  this  observation 
by  finding  in  the  summer  of  1834,  at  Kured,  about  two  miles  north 
of  Uddevalla,  and  at  the  height  of  more  than  100  feet  above  the  sea, 
a  surface  of  gneiss  newly  laid  open  by  the  partial  removal  of  a  mass 
of  shells  used  largely  in  the  district  for  making  lime  and  repairing 
the  roads.  So  firmly  did  these  barnacles  adhere  to  the  gneiss  that  I 
broke  off  portions  of  the  rock  with  the  shells  attached.  The  face 
of  the  gneiss  was  also  encrusted  with  small  zoophytes  {Celleporaf 
liam.)  ;  but  had  these  or  the  barnacles  been  exposed  in  the  atmosphere 
ever  since  the  elevation  of  the  rocks  above  the  sea,  they  would  doubt- 
less have  decomposed  and  been  obliterated. 

The  town  of  Uddevalla  (see  Map,  p.  523.)  stands  at  the  head  of  a 
narrow  creek  overhung  by  steep  and  barren  rocks  of  gneiss,  of  which 
all  the  adjacent  country  is  composed,  except  in  the  low  grounds  and 
bottoms  of  valleys,  where  strata  of  sand,  clay,  and  marl  frequently 
bide  the  fundamental  rocks.  To  these  newer  and  horizontal  deposits 
the  fossil  shells  above  mentioned  belong,  and  similar  marine  remains 
are  found  at  various  heights  above  the  sea  on  the  opposite  island  of 
Orust.  The  extreme  distance  from  the  sea  to  which  such  fossils  ex- 
tend is  as  yet  unknown ;  but  they  have  been  already  found  at  TroU- 
battan  in  digging  the  canal  there,  and  still  farther  inland  on  the 
northern  borders  of  Lake  Wener,  fifty  miles  from  the  sea,  at  an  ele- 
vation of  200  feet  near  Lake  Rogvarpen. 

To  pass  to  the  Baltic :  I  observed  near  its  shores  at  Sodertelje, 
sixteen  miles  S.  W.  of  Stockholm,  strata  of  sand,  clay,  and  marl,  more 
than  100  feet  high,  and  containing  shells  of  species  now  inhabiting 
the  Bothnian  Gulf.  These  consist  partly  of  marine  and  partly  of 
freshwater  species;  but  they  are  few  in  number,  the  brackishness 
of  the  water  appearing  to  be  very  unfavourable  to  the  development 
of  testacea.  The  most  abundant  species  are  the  common  cockle  and 
the  common  mussel  and  periwinkle  of  our  shores  {Cardium  eduU, 
MytUus  edulis,  and  Littorina  liUorea),  together  with  a  smaU  tellina 
(  T.  Baltka)  and  a  few  minute  univalves  allied  to  Paludma  ulva. 
These  live  in  the  same  water  as  a  LymneuSy  a  Neriiina  {N.Jiutna- 
iiUg)^  and  some  other  freshwater  shells. 

But  the  marine  mollusks  of  the  Baltic  above  mentioned,  although 
very  numerous  in  individuals,  are  dwarfish  in  siset  ttcvtcc\7  ^^^ 
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Kttaining  a  tliiril  of  the  average  dimensioDa  wliicb  the;  acquire  m  da 
Salter  watera  of  the  ocean.  B;  this  character  alone  a  geologist  wmU 
generally  be  able  to  recognize  an  assemblage  of  Baltic  fiMsits  m  d» 
tinguiubed  from  those  derived  from  a  deposit  in  the  ocean,  tit 
obaencQ  also  of  oysters,  barnacleA,  whelks,  scallops,  limpets  (ottrM, 
halanut.  buecinum,  pecteii,  patella),  and  many  other  forms  «botiii£a( 
alike  in  tbo  aea  near  UddevaJla,  and  in  the  fossiliferoua  depOMUtf 
modern  date  on  that  coast,  supphes  an  additional  negative  cfaaracia 
of  the  greatest  value,  di sting ulsbiag  assemblages  of  Baltic  fnam  tttcM 
of  oceanic  shells.  Now  the  strata  containing  Baltic  sheila  are  dmti 
in  many  localities  near  Stockbolm,  Upsala,  and  Gelle,  and  trill  jn- 
bably  be  discovered  every  where  around  the  borders  of  the  Bolhaiia 
Gulf  I  fur  I  have  seen  similar  remains  brought  from  Finland,  m  mid 
resembling  that  found  near  Stockholm.  The  utmo«t  distance  M 
which  these  depusits  have  yet  been  traced  inland,  is  on  the  sonthoi 
shores  of  Lake  Slaeler,  at  a  place  seventy  miles  from  the  aea.*  Mcotf ' 
It  appears  from  the  distinct  assemblage  of  fossil  shells  found  oa  tkt' 
eastern  and  western  coasts  of  Sweden,  that  the  Baltic  Ua«  bean  tot 
a  long  period  separated  as  now  from  the  ocean,  although  tbe  iatcs^ 
vening  tract  of  land  was  once  much  narrower,  even  atW  both  *sjlal 
become  inhabited  by  all  the  existing  species  of  leitacea. 

As  no  accurate  observations  on  the  rise  of  the  Swedi.^b  coast  itia 
to  periods  more  remote  than  a  century  and  a  half  from  tbe  preMBt 
time,  and  as  traditional  information,  and  that  derived  from  aoatat 
buildings  on  the  coast,  do  not  enable  the  antiquary  to  trace  back  aaj 
monuments  of  change  for  more  than  five  or  six  centuries,  we  ouiBct 
declare  wbetlier  tbe  rate  of  ihe  upheaving  force  is  uniform  during 
very  long  periods.  In  those  districts  where  the  fossil  shells  art  (oaoi 
at  the  heigbt  of  more  than  200  feet  above  tbe  ocean,  »a  at  UAJt- 
Talla,  Orust,  and  Lake  Rogvarpen,  the  present  rate  of  rise  seems  1«» 
thon  four  feel  in  a  century.  Even  at  that  rate  it  would  have  reqniwi 
flTe  tiiousand  years  to  lift  up  those  deposits.  But  as  the  movcoM 
is  now  very  different  in  different  places,  it  may  also  have  varied  mat^ 
in  intensity  at  different  eras. 

We  have,  moreover,  yet  to  learn  not  only  whether  the  notioa 
proceeds  always  at  the  same  rate,  but  also  whether  it  has  been  Boi* 
formly  tn  one  direction.  The  level  of  the  land  may  oscillate  ;  ud 
for  centuries  there  may  be  a  depression,  and  afterwards  a  re-eievatiaa> 
of  the  some  district.  Some  phenomena  in  the  neighbourhood  m 
Stockholm  appear  to  me  only  explicable  on  the  suppoaition  of  tks 
alternate  rising  and  sinking  of  the  ground  since  the  couBdy  *• 
inhabited  by  man.  Id  digging  a  canal,  in  1819,  at  Sodertey«,  aboat 
sixteen  miles  to  the  south  of  Stockbolm,  to  unite  Lake  Maekr  witk 
the  Baltic,  marine  strata,  containing  fossil  sheila  of  Baltic  ipecin 
were  passed  througL  At  a  depth  of  about  ^ty  feet,  tfaej  caM 
down  upon  what  seems  to  have  been  a  buried  flahing-hnt,  ouuiliw*'' 
of  wood  in  a  state  of  decompoai^on,  which  soon  artmibled  awaj  oo  Of^ 

*  Se«  a  yniKi  ^  On  kiithm,  HiiL  'naaa  IB33t  pan  L 


Ca.  XXX.]  LAND  IN  SWEDEN.  529 

sure  to  the  air.  The  lowest  part,  however,  which  had  stood  on  a  level 
with  the  sea,  was  in  a  more  perfect  state  of  preservation.  On  the  floor  of 
this  hut  was  a  rude  fireplace,  consisting  of  a  ring  of  stones,  and  within 
this  were  cinders  and  chaired  wood.  On  the  outside  lay  boughs  of 
the  fir,  cut  as  with  an  axe,  with  the  leaves  or  needles  still  attached. 
It  seems  very  difficult  to  explain  the  position  of  this  buried  hut,  with- 
out imagining,  as  in  the  case  of  the  temple  of  Serapis  (see  p.  486.), 
first,  a  subsidence  to  the  depth  of  more  than  sixty  feet,  then  a  re- 
elevation.  During  the  period  of  submergence,  the  hut  must  have 
become  covered  over  with  gravel  and  shelly  marl,  under  which  not 
only  the  hut,  but  several  vessels  also  were  found,  of  a  very  antique 
form,  and  having  their  timbers  fastened  together  by  wooden  pegs 
instead  of  nails.* 

Whether  any  of  the  land  in  Norway  is  now  risiag,  must  be  deter- 
mined by  future  investigations.     Marine  fossil  shells,  of  recent  species, 
have  been  collected  from  inland  places  nekr  Drontheim;  but  Mr. 
Everest,  in  his  **  Travels  through  Norway, "  informs  us  that  the  small 
island  of  Munkholm,  which  is  an  insulated  rock  in  the  harbour  of 
Drontheim,  afibrds  conclusive  evidence  of  the  land  having  in  that 
region  remained  stationary  for  the  last  eight  centuries.     The  area  of 
this  isle  does  not  exceed  that  of  a  small  village,  and  by  an  official 
survey,  its  highest  point  has  been  determined  to  be  twenty-three  feet 
above  the  mean  high-water  mark,  that  is,  the  mean  between  neap  and 
spring  tides.     Now,  a  monastery  was  founded  there  by  Canute  the 
Greats  a.  d.  1028,  and  thirty-three  years  before  that  time  it  was  in 
use  as  a  common  place  of  execution.    According  to  the  assumed 
average  rate  of  rise  in  Sweden  (about  forty  inches  in  a  century),  we 
should  be  obliged  to  suppose  that  this  island  had  been  three  feet 
eight  inches  below  high-water  mark  when  it  was  originally  chosen  as 
the  site  of  the  monastery. 

Professor  Keilhau  of  Christiania,  after  collecting  the  observations 
of  bis  predecessors  respecting  former  changes  of  level  in  Norway,  and 
combining  them  with  his  own,  has  made  the  fact  of  a  general  change 
of  level  at  a  modern  period,  that  is  to  say,  within  the  period  of  the 
actual  testaceous  fauna,  very  evident  He  infers  that  the  whole 
country  from  Cape  LindesnaBS  to  Cape  North,  and  beyond  that  as  far 
as  the  fortress  of  Vardhuus,  has  been  gradually  upraised,  and  on  the 
south-east  coast  the  elevation  has  amounted  to  more  than  600  feet. 
The  marks  which  denote  the  ancient  coast-line  are  so  nearly  hori- 
zontal that  the  deviation  from  horizontality,  although  the  measure- 
ments have  been  made  at  a  great  number  of  points,  is  too  smaU  to 
be  appreciated. 

More  recently  (1844),  however,  it  appears  from  the  researches  of 

•  See  my  paper  before  referred  to,  come  filled  up  in  time  by  sand  drifted 
Phil.  Trans.  1835,  part  L  p.  8,9.  At-  by  the  wind.  The  engineers  who  super- 
tempts  have  been  since  made  to  explain  intended  the  works  in  1819,  and  with 
away  the  position  of  this  hut,  by  con-  whom  I  conycrscd,  had  considered  every 
jectoring  that  a  more  ancient  trench  had  hypothesis  of  the  kind,  but  could  not  so 
been  previously  dug  here,  which  had  be^  explain  the  facts. 
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M.  Bravais,  member  of  the  French  scientiRc  commisaion  of  tbtt  Nor4 
that  in  the  Gulf  of  Alteu  in  Finmark,  the  most  nottherlf  part 
Korwn^,  there  are  t<vo  distinct  lines  of  upraised  ancient  wt»^n 
one  above  the  other,  which  are  nnt  parallel,  and  both  of  lb 
Imply  that  within  a  distance  of  fifty  miles  a  conaidurable  slope  out 
detected  in  such  a  direction  as  to  show  that  the  ancJent  shorea  ha 
undergone  a  greater  amount  of  upheaval  in  proportioa  as  we  adm 
inland. " 

It  has  been  already  stated,  that,  in  proceeding  from  the  Vorth  C*ft 
to  Stockholm,  the  rate  of  upheaval  dimiuishcs  from  se»eml  f«t  tat 
few  inches  in  a  century.     To  the  south  of  Stockholm  the  opwvJ 
roovement  ceases,  and  at  length  in  Scanta,  or  the  son  them  most  pait 
of  Sweden,  it  appears  to  give  place  to  a  movement  in  an  Of^adla 
direction.     In  proflf  of  this  fact.  Professor  Nilsson  obeerrea.  in  ll« 
first  place,  that  there  are  no  elevated  beds  of  r«cont  marine  abeOaii 
So«nia  like  those  farther  to  the  north.     Secondly,  Linnipus,  wiA  a 
view  of  ascertaining  whether  the  witters  of  the  Baltic  were  KtMog 
from  the  Scanian  shore,  measured,  in  ]749i  the  distance  betweaa  iba 
aea  and  a  large  stone  near  Trelleborg.    This  same  stone  waa,  in  KM, 
a  hundred  feet  nearer  the  water's  edge  than  in  Linnieat's  titnf^  «r 
eighty-seven  years  before.     Thinlly,  there  is  also  a  submerge")  p'U 
moss,  consisting  of  land  and  freshwater  plants,  beneath  the  sea  ii  a 
point  to  which  no  peat  could  have  been  drifted  down  by  any  nVw. 
Fourthly,  and  what  is  still  more  conclusive,  it  is  found  that  in  seapor: 
towns,  all  along  the  coast  of  Scania,  there  are  streets  below  the  high- 
water  level  of  the  Baltic,  and  in  some  case*  below  the  level  of  iJit 
lowest  tide.     Thus,  when  the  wind  is  high  atMahnu,  the  water  0T*r- 
flows  one  of  the  present  streets,  and  some  years  ago  some  excavaiioai 
showed  an  ancient  street  in  the  same  place  eight  feet  lower,  and  it 
was  then  seen  that  there  had  been  an  artificial  raising  of  the  grooad, 
doubtless  in  consequence  of  that  subsidence.     There  is  also  a  strvrt 
at  Trelleborg,  and  another  at  Skanor,  a  few  inches  below  faigh-mM- 
mark,  and  a  street  at  Ystad  is  exactly  on  a  level  with  the  sen,  at  whiefa 
it  could  not  have  been  originally  built. 

The  inferences  deduced  from  the  foregoing  facts  are  in  perftet 
harmony  with  the  proofs  brought  to  light  by  two  Danish  Invcstif:*- 
tors,  Dr.  Pingel  and  Captain  Groah,  of  the  sinking  down  of  part  of 
the  west  coast  of  Greenland,  for  a  space  of  more  than  600  milea  froo 
north  to  south.  The  observations  of  Captain  Graah  w«re  made  dantf 
a  survey  of  Greenland  in  1823-2*  ;  and  afterwards  in  1828-29 ;  Am 
by  Dr.  Fiiigel  were  made  in  1830-32.  It  appears  from  Tarioni  agat 
and  traditions,  that  the  const  has  been  subsiding  for  the  lost  fonr  ett* 
turies  from  the  firth  called  Ignliko,  in  lat.  60'  43'  N.,  to  Disoo  Bay, 
extending  to  nearly  the  69th  degree  of  north  Latitude.  Andwt 
buildings  on  low  rocky  islands  and  on  the  shore  of  thv  tnaia  land 
have  been  gradually  submerged,  and  experience  has  taught  the  abo- 

■  QnartrrI;    Jonro.    of   GeoL    Soc.     bsra  in  lot  •^Tntiagi  ot  S,«l  Sonf*,* 
No.  4.  p.  .13*.     M-Bra\»\s'  i*BCT\ni.W»    ^.  ao8. 
wen  Tcrified  in  1649  bj  Ui.  &  Ouu- 
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original  Greenlander  never  to  build  his  hut  near  tbe  water's  edge. 
In  one  case  the  Moravian  settlers  have  been  obliged  more  than  once 
to  move  inland  the  poles  upon  which  their  large  boats  were  set,  and 
the  old  poles  still  remain  beneath  the  water  as  silent  witnesses  of  the 
change.  • 

The  probable  cause  of  the  movements  above  alluded  to,  whether  of 
elevation  or  depression,  will  be  more  appropriately  discussed  in  the 
following  chapters,  when  the  origin  of  subterranean  heat  is  considered. 
But  I  may  remark  here,  that  the  rise  of  Scandinavia  has  naturally 
been  regarded  as  a  very  singular  and  scarcely  credible  phenomenon, 
because  no  region  on  the  globe  has  been  more  free  within  the  times 
of  authentic  history  from  violent  earthquakes.  In  common,  indeed, 
with  our  own  island  and  with  almost  every  spot  on  the  globe,  some 
movements  have  been,  at  different  periods,  experienced,  both  in 
Norway  and  Sweden.  But  some  of  these,  as  for  example  during 
the  Lisbon  earthquake  in  1765,  may  have  been  mere  vibrations  or 
undulatory  movements  of  the  earth's  crust  prolonged  &om  a  great 
distance.  Others,  however,  have  been  sufficiently  local  to  indicate 
a  source  of  disturbance  immediately  under  the  country  itself. 
Notwithstanding  these  shocks,  Scandinavia  has,  upon  the  whole,  been 
as  tranquil  in  modern  times,  and  as  free  from  subterranean  convul- 
sions,  as  any  region  of  equal  extent  on  the  globe.  There  is  also 
another  circumstance  which  has  made  the  change  of  level  in  Sweden 
appear  anomalous,  and  has  for  a  long  time  caused  the  proofs  of  the 
fact  to  be  received  with  reluctance.  Volcanic  action,  as  we  have 
seen,  is  usually  intermittent:  and  the  variations  of  level  to  which 
it  has  given  rise  have  taken  place  by  starts,  not  by  a  prolonged  and 
insensible  movement  similar  to  that  experienced  in  Sweden.  Yet, 
as  we  enlarge  our  experience  of  modem  changes,  we  discover  instances 
in  which  the  volcanic  eruption,  the  earthquake,  and  the  permanent 
rise  or  fall  of  land,  whether  slow  or  sudden,  are  all  connected.  The 
union  of  these  various  circumstances  was  exemplified  in  the  case  of 
the  temple  of  Serapis,  described  in  the  last  chapter,  and  we  might 
derive  other  illustrations  from  the  events  of  the  present  century  in 
South  America. 

Some  writers,  indeed,  have  imagined  that  there  is  geological 
evidence  in  Norway  of  the  sudden  upheaval  of  land  to  a  considerable 
height  at  successive  periods,  since  the  era  when  the  sea  was  inhabited 
by  the  living  species  of  testacea.  They  point  in  proof  to  certain 
horizontal  lines  of  inland  cliffs  and  sea-beaches  containing  recent 
shells  at  various  heights  above  the  level  of  the  Eea.t  But  these 
appearances,  when  truly  interpreted,  simply  prove  that  there  have 
been  long  pauses  in  the  process  of  upheaval  or  subsidence.  They 
mark  eras  at  which  the  level  of  the  sea  has  remained  stationary  for 
ages,  and  during  which  new  strata  were  deposited  near  the  shore 

*  See  Proceedings  of  GeolSoc  No.  42.        f  Keilhaa,  Bulletin  de  la  Soc  G^L 
p.  208.    I  also  conversed  with  Dr.  Fingel    de  France,  torn,  vii  p.  18. 
on  the  sabject  at  Copenhagen  in  1834. 

MM  2 


while  in  others  tbe  waves  and  currents  had  time  to 
liolluvr  out  rocks,  undermine  cliffy,  and  throw  up  long  ranges  of 
shingle.  Thej  undoubtedly  show  that  the  movement  haa  not  bwn 
ftlwuja  uniform  or  continuous,  but  they  do  not  establish  the  fact  at 
any  sudden  alleratious  of  level.  , 

^^Tien  we  ore  once  assured  of  the  reality  of  the  gradual  Hae  of  a  | 
lai^c  region,  it  enables  us  to  account  for  many  geological  sppearmDMl  | 
otherwise  of  very  difficult  explanation.     There  are  large  continent^ 
tracts  sad  high  table  lands  where  the  Btrflta  are  nearly  borixoaliJ, 
bearing  no  marks  of  having  been  thrown  up  by  violent  convuluom, 
sor  by  a  scries  of  tnovementa,  such  as  those  which   occur  iit  the 
Andes,  and  cause  the  earth  to  be  rent  open,  and  raised  or  ili  [iiiimd    ' 
from  time  to  time,  wiiile  large  masses  are  engulphed  in  subtemtWHl 
cavities.     The  result  of  a  series  of  such  earthquakes  might  be  (0    | 
produce  in  a  great  lapse  of  ages  a  country  of  shattered,  inclined,  ud 
perhaps  vertical  strata.     But  a  movement  like  that  of  :Sc]iniliiiarii 
would  cause  the  bed  of  the  sea,  and  all  the  strata  recently  formed  ia 
it,  to  be  upheaved  so  gradually,  that  it  would  merely  senia  oa  if  tlw 
ocean  had   formerly  stood  at  a  higher  level,  aud  bad   sIdwIj  ud 
tranquilly  sunk  down  into  its  present  bed. 

The  fact  also  of  a  very  -nidiial  and  insensible  elevation  of  land 
may  explain  many  geological  monuments  of  denudation,  on  a  grand 
scale.  If,  for  example,  instead  of  the  hard  granitic  rocks  of  Norway 
and  Sweden,  a  large  part  of  the  bed  of  the  Atlantic,  consisting  chiedy 
of  soft  strata,  should  rise  up  century  after  century,  at  the  rate  of 
about  half  an  inch,  or  an  inch,  in  a  year,  bow  easily  might  oceanic 
currents  sweep  away  the  thin  film  of  matter  thus  brought  up 
annually  within  the  sphere  of  aqueous  denudation  I  The  tract,  whea 
it  finoliy  emerged,  might  present  table  lands  and  ridges  of  horizonttl 
strata,  with  intervening  valleys  and  vast  plains,  where  originally, 
and  during  its  period  of  submergence,  the  surface  was  level  and 
nearly  uniform. 

These  speculations  relate  to  superficial  changes ;  but  others  mmt 
be  continually  in  progress  in  the  subterraDean  rcgiona.  The  fonada- 
tiona  of  the  country,  thus  gradually  uplifted  in  Sweden,  must  be 
undergoing  important  modifications.  Whether  we  ascribe  these  to 
the  expansion  of  solid  matter  by  continually  increasing  heat,  or  to 
the  liquefaction  of  rock,  or  to  the  crystallization  of  a  dense  flnid,  v 
the  accumulalion  of  pent-up  gasea,  in  whatever  conjectures  we  indulge, 
we  can  never  doubt  for  a  moment,  that  at  some  unknown  depth 
beneath  Sweden  and  the  Baltic,  the  structure  of  the  gkibe  ia  in  oar 
own  times  becoming  changed  from  day  to  day,  throughout  a  ^ace 
probably  more  than  a  thousand  miles  in  length,  and  several  knadrad 
in  breadth. 
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CHAPTER  XXXL 

CAUSES  OP  EABTHQUAKE8  AND  Y0LCAN03. 

Intimate  connexion  between  the  caoses  of  rolcanos  and  earthquakes — Supposed 
original  state  of  fusion  of  the  planet — Universal  fluidity  not  proved  by  spheroidal 
figure  of  the  earth — Attempt  to  calculate  the  thickness  of  the  solid  crust  of  the 
earth  by  precessional  motion — Heat  in  mines  increasing  with  the  depth — Ob- 
jections to  the  supposed  intense  heat  of  a  central  fluid — Whether  chemical 
changes  may  produce  volcanic  heat — Currents  of  electricity  circukting  in  the 
earth's  crust. 

It  will  hardly  be  questioned,  after  the  description  before  given  of 
the  phenomena  of  earthquakes  and  volcanos,  that  both  of  these 
agents  have,  to  a  certain  extent,  a  common  origin ;  and  I  may  now, 
therefore,  proceed  to  inquire  into  their  probable  causes.  But  first, 
it  may  be  well  to  recapitulate  some  of  those  points  of  relation  and 
analogy  which  lead  naturally  to  the  conclusion  that  thej  spring 
from  a  common  source. 

The  regions  convulsed  bj  violent  earthquakes  include  within  them 
the  site  of  all  the  active  volcanos.  Earthquakes,  sometimes  local, 
sometimes  extending  over  vast  areas,  often  precede  volcanic  erup- 
tions. The  subterranean  movement  and  the  eruption  return  again 
and  again,  at  irregular  intervals  of  time,  and  with  unequal  degrees  of 
force,  to  the  same  spots.  The  action  of  either  may  continue  for  a 
few  hours,  or  for  several  consecutive  years.  Paroxysmal  convulsions 
are  usually  followed^  in  both  cases,  by  long  periods  of  tranquiliitj. 
Thermal  and  mineral  springs  are  abundant  in  countries  of  earth- 
quakes and  active  volcanos.  Lastly,  hot  springs  situated  in  districts 
considerably  distant  from  volcanic  vents  have  been  observed  to  have 
their  temperature  suddenly  raised,  and  the  volume  of  their  water 
augmented,  by  subterranean  movements.  \ 

All  these  appearances  are  evidently  more  or  less  connected  with 
the  passage  of  heat  from  the  interior  of  the  earth  to  the  surface ; 
and  where  there  are  active  volcanos,  there  must  exist,  at  some 
unknown  depth  below,  enormous  masses  of  matter  intensely  heated, 
and,  in  many  instances,  in  a  constant  state  of  fusion.  We  have  first, 
then,  to  inquire,  whence  is  this  heat  derived  ? 

It  has  long  been  a  favourite  conjecture,  that  the  whole  of  our 
planet  was  originally  in  a  state  of  igneous  fusion,  and  that  the 
central  parts  still  retain  a  great  portion  of  their  primitive  heat. 
Some  have  imagined,  with  the  late  Sir  W.  Herschel,  that  the 
elementary  matter  of  the  earth  may  have  been  first  in  a  gftiseous 
state,  resembling  those  nebulas  which  we  behold  in  the  heavens, 
and  which  are  of  dimensions  so  vast,  that  some  of  them  would  fill 
the  orbits  of  the  remotest  planets  of  our  system.  The  increased 
power  of  the  telescope  has  of  late  years  resolved  the  greater  number 
of  these  nebulous  appearances  into  clusters  of  stars,  but  so  lon^  «a 
they  were  confidently  supposed  to  consist  of  aeriform  m%XXex  tW  ^«a  «^ 
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favourite  conjecture  that  they  migbt,  if  concentrated,  form 
Bpberea  ;  and  it  was  abo  imagined  that  llie  evolution  of  beat,  alleDdABi 
DO  condensation,  might  retain  ths  materials  of  the  new  globeu  ia  a 
Rtate  of  igneous  fusion. 

Witiiout  dwelling  on  such  speciilntions,  which  can  only  hxn  • 
distant  bearing  on  geology,  we  may  coni^ider  how  fai-  tlio  »[ibnnBdal 
form  of  the  earth  aSbrds  sufficient  ground  for  presuiuing  tlmt  in 
primitive  oondition  was  one  of  universal  fluidity.  Tliti  dfscuturioa  o( 
this  i^uesiion  would  be  superfluous,  were  the  doclrlno  of  origriul 
fluidity  IcM  popular ;  for  it  may  well  be  aski-d,  why  tho  glwUi  ihouU  br 
supposed  to  have  had  a  pristine  shape  dilTKrcnt  from  lliu  |insacnt  en 
—  why  the  terrestrial  materials,  when  first  called  into  cxlstcneo,  or 
eaaombled  together  in  one  place,  should  not  have  boen  subjKt  M 
rutfttion,  so  as  to  assume  at  once  that  Ibrm  which  alooa  oouM  ) 
their  several  parts  in  a  state  of  equilibrium  ? 

Let  OS,  however,  concede  that  the  statical  figure  may  be  a  B 
cation  of  some  other  pro-existing  form,  and  suppose  tho  globe  M 
hare  been  at  first  a  perfect  and  quiescent  sphere,  covered  wilb  >■ 
uniform  ocean — what  would  happen  when  it  was  mado  to  torn  roaa4 
on  its  axis  with  its  present  velocity?  This  problem  fans  been  coo- 
sidiTL'd  by  I'liiyfiiir  in  his  nin.^lration^,  mid  he  has  dt-i-idcd,  ih.it  J 
the  surface  of  the  earth,  as  laid  down  in  Mutton's  theory,  has  bees 
repeatedly  changed  by  the  transportation  of  the  detritus  of  the  bad 
to  the  bottom  of  the  sea,  the  figure  of  the  planet  must  in  that  c«m^ 
whatever  it  may  have  been  originally,  be  brought  at  length  to  coia- 
cide  with  the  spheroid  of  equilibrium.*  Sir  John  Hersehel  alao^  ia 
reference  to  the  same  bypolbesis,  observes,  "a  centrifugal  forw 
would  in  that  case  be  generated,  whose  general  tendency  would  be  to 
ui^e  the  water  at  every  point  of  the  surface  to  rrcede  from  the  ana 
A  rotation  might  indeed  be  conceived  so  swift  as  to  flirt  the  wbola 
ocean  from  the  surface,  like  water  from  a  mop.  But  this  woaU 
require  a  far  greater  velocity  than  what  we  now  speak  of.  In  tiis 
case  supposed,  the  weight  of  the  water  would  still  keep  it  o«  tbe 
earth  ;  and  the  tendency  to  recede  from  tbe  axis  could  oolj  be  siti» 
fled  therefore  by  the  water  leaving  the  poles,  and  flowing  towiidi 
the  equator ;  there  heaping  itself  up  in  a  ridge,  sad  being  retainsi 
in  opposition  to  its  weight  or  natural  tendency  towards  the  oeatn  by 
the  pressure  thus  caustd.  This,  however,  could  not  take  place  wilW 
out  laying  dry  the  polar  r^ons,  so  that  protuberant  land  woold 
appear  at  the  poles,  and  a  zone  of  ocean  be  disposed  around  tkl 
equator.  This  would  be  the  first  or  immediata  effect.  Let  ns  V 
see  what  would  afterwards  happen  if  things  wers  allowed  to  takt 
their  natural  course. 

"The  sea  is  constantly  beating  on  the  land,  grinding  it  down,  m^ 
scattering  its  wom-off'  particles  and  fragments,  in  the  state  of  ml 
and  pebbles,  over  its  bed.  Geolt^cal  facts  afford  abundant  pnsf 
that  the  existing  continents  have  all  of  them  nsdergonc  this  poeai 
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■  even  more  than  once,  and  been  entirely  torn  in  fragmeflts,  or  reduced 
to  powder,  and  submerged  and  re-constructed.     Land,  in  this  view 
of  the  subject,  loses  its  attribute  of  fixity.    As  a  mass  it  might  hold 
together  in  opposition  to  forces  which  the  water  freely  obeys ;  but  in 
its  state  of  successive  or  simultaneous  degradation,  when  disseminated 
through  the  water,  in  the  state  of  sand  or  mud,  it  is  subject  to  all  the 
impulses  of  that  fluid.     In  the  lapse  of  time,  then,  the  protuberant 
land  would  be  destroyed,  and  spread  over  the  bottom  of  the  ocean, 
filling  up  the  lower  parts,  and  tending  continually  to  re-model  the 
surface  of  the  solid  nucleus,  in  correspondence  with  the  form  of  equi- 
librium.    Thus  after  a  sufficient  lapse  of  time,  in  the  case  of  an  earth 
in  rotation,  the  polar  protuberances  would  gradually  be  cut  down  and 
disappear,  being  transferred  to  the  equator  (as  being  then  the  deepest 
sea),  till  the  earth  would  assume  by  degrees  the  form  we  observe  it  to 
have — that  of  a  flattened  or  oblate  ellipsoid. 

*'We  are  far  from  meaning  here  to  trace  the  process  by  which  the 
earth  really  assumed  its  actual  form ;  all  we  intend  is  to  show  that 
this  is  the  form  to  which,  under  a  condition  of  a  rotation  on  its  axis, 
it  must  tend,  and  which  it  would  attain  even  if  originally  and  (so  to 
speak)  perversely  constituted  otherwise."  ♦ 

In  this  passage,  the  author  has  contemplated  the  superficial  efiects 
of  aqueous  causes  only;  but  neither  he  nor  Playfair  seem  to  have 
followed  out  the  same  inquiry  with  reference  to  another  part  of  Hut- 
ton's  system ;  namely,  that  which  assumes  the  successive  fusion  by 
heat  of  different  parts  of  the  solid  earth.    Yet  the  progress  of  geology 
has  continually  strengthened  the  evidence  in  favour  of  the  doctrine 
that  local  variations  of  temperature  have  melted  one  part  after 
another  of  the  earth's  crust,  and  this  influence  has  perhaps  extended 
downwards  to  the  very  centre.    If,  therefore,  before  the  globe  had 
assumed  its  present  form,  it  was  made  to  revolve  on  its  axis,  all 
matter  to  which  freedom  of  motion  was  given  by  fusion,  must  before 
consolidating  have  been  impelled  towards  the  equatorial  regions  in 
obedience  to  the  centrifugal  force.     Thus  lava  flowing  out  in  super- 
ficial streams  would  have  its  motion  retarded  when  its  direction  was 
towards  the  pole,  accelerated  when  towards  the  equator,  or  if  lakes 
and  seas  of  lava  existed  beneath  the  earth's  crust  in  equatorial 
regions,  as  probably  now  beneath  the  Peruvian  Andes,  the  impri- 
soned fluid  would  force  outwards  and  permanently  upheave  the 
overlying  rocks.     The  statical  figure,  therefore,   of  the  terrestrial 
spheroid  (of  which  the  longest  diameter  exceeds  the  shortest  by  about 
twenty-five  miles),  may  have  been  the  result  of  gradual  and  even  of 
existing  causes,  and  not  of  a  primitive,  universal,  and  simultaneous 
fluidity,  t 

Experiments  made  with  the  pendulum,  and  observations  on  the 
manner  in  which  the  earth  attracts  the  moon,  have  shown  that  our 


!  f  enchel  s  Astronomy,  chap.  iiL  1849 ;  and  Rroc  Boy.  Irish  Acad,  vol 

t  See  Hcnncwjr,  On  Changes  in  Earth's    iv.  p.  »37. 
Fignre,  &c.    Joorn.  Qeol.  Soc.  Dublin, 
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planet  is  not^n  cmply  sphere,  but,  on  the  contrary,  tli&t  its  iiil< 
whether  solid  or  fluid,  hna  a  higher  Bpecifio  gravity  tlinn  the  extaritb 
It  has  also  been  inferred,  that  there  is  a  regular  increase  in  i 
from  the  surface  towards  the  centre,  and  that  the  ttiuatorial  pra» 
berance  is  continued  inwards ;  that  is  to  any,  that  Ujers  of  tqirf 
density  are  arranged  elliptically,  and  symmetrically,  from  the  e 
to  the  centre.  These  conclusions,  however,  have  beea  dedaoal 
rather  a9  a  consequence  of  the  hypothesis  of  primitive  an4 
taneous  fluidity  than  proved  by  experiment.  The  inequaUties  in  di 
moon's  motion,  by  which  some  have  endeavoured  to  oondm 
are  so  extremely  slight,  that  the  opinion  can  be  regarded  oa  Euk 
more  than  a  probable  conjecture. 

The  mean  density  of  the  earth  has  been  computed  by  Tiaplaec  M 
be  about  S^,  or  more  than  five  times  that  of  wator.  Xow  il>f  iff 
cifio  gravity  of  many  of  our  rocks  is  from  2^  to  3,  and  iho  graw 
part  of  the  metals  range  between  that  density  and  21.  Ilonoe  sut 
have  imagined  that  the  terreetritd  nucleus  may  be  metallic  —  ikil  i 
may  correspond,  for  example,  with  the  specific  gravity  of  iron,  vhifk 
is  about  7-  But  here  a  curious  question  arises  in  regard  to  tbe  ftra 
which  materials,  whether  fluid  or  solid,  might  assume,  if  subjected  tt' 
the  enormous  pressure  which  must  obtain  at  the  earth*«  ceom 
Water,  if  it  continued  to  decrease  in  volume  according  to  the  rale  st 
compressibility  deduced  from  experiment,  would  have  its  dtwitj 
doubled  at  the  depth  of  ninety-three  miles,  and  be  as  heavy  u  ma- 
cury  at  the  depth  of  362  miles.  Dr.  Toung  computed  thai,  at  ik 
earth's  centre,  steel  would  be  compressed  into  one-fourth,  and  stsi* 
into  one-eighth  of  ils  bulk,*  It  is  more  than  probable,  howeT« 
that  after  a  certain  degree  of  condensation,  the  cnmpresaibtliiy  tl 
bodies  may  be  governed  by  laws  altogether  different  from  tk<« 
which  we  can  put  to  the  test  of  experiment;  but  the  limit  is  suil 
undetermined,  and  the  subject  is  involved  in  such  obscurity,  thai  w« 
cannot  wonder  at  tiie  variety  of  notions  which  have  been  enlertuM^ 
respecting  the  nature  and  conditions  of  the  central  nucleus.  Sam* 
have  conceived  it  to  be  fluid,  others  solid;  some  have  imagiuditto 
have  a  cavernous  structure,  and  have  even  ejideavourcd  to  eooin 
this  opinion  by  appealing  to  observed  irregulariliea  in  th«  vibntuix* 
of  the  pendulum  in  certain  countries. 

An  attempt  has  recently  been  made  by  Sir.  Hopkins  to  detfrnun* 
the  least  thickness  which  can  be  assigned  to  the  <.A]  \  mi-:  ■■■  '■■ 
globi",  if  ive  iisfume  the  wliole  to  have  been  tmi- ■  ;.-■-  - 
and  a  certain  portion  of  the  exterior  to  have  acquired  soiiditjby 
gradual  refrigeration.  This  result  he  has  endeavoured  to  obtain  bj 
a  new  solution  of  the  delicato  problem  of  the  precessionol  nodea  of 
the  pole  of  the  earth.  It  is  well  known  that  while  the  e*rth  Rntm' 
round  the  sun  the  direction  of  its  axis  remains  very  nearly  the  HW^ 
t,  e.  its  diflercnt  positions  in  space  are  all  nearly  parallel  to  cK^ 
other.     This  parallelism,  however,  is  not  accutAtelj  preaarve^  ** 

•  Yoan^aIiectVRS,ftndUn.SoiiierTilk'iCaaBadooflf  ihalV^adSdM* 
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that  the  axis,  instead  of  coming  exactly  into  the  position  which  it 
occupied  a  jear  before,  becomes  inclined  to  it  at  a  very  small  angle, 
but  always  retaining  very  nearly  the  same  inclination  to  the  plane  of 
the  earth's  orbit  This  motion  of  the  pole  changes  the  position  of 
the  equinoxes  by  about  fifty  seconds  annually,  and  always  in  the 
same  direction.  Thus  the  pole-star,  after  a  certain  time,  will  entirely 
lose  its  claim  to  that  appellation,  until  in  the  course  of  somewhat 
more  than  25,000  years  the  earth's  axis  shall  again  occupy  its  present 
angular  position,  and  again  point  very  nearly  as  now  to  the  pole-star. 
This  motion  of  the  axis  is  called  precession.  It  is  caused  by  the 
attraction  of  the  sun  and  moon,  and  principally  the  moon,  on  the 
protuberant  parts  at  the  earth's  equator ;  and  if  these  parts  were  solid 
to  a  great  depth,  the  motion  thus  produced  would  differ  considerably 
from  that  which  would  exist  if  they  were  perfectly  fluid,  and  incrusted 
over  with  a  thin  shell  only  a  few  miles  thick.  In  other  words,  the 
disturbing  action  of  the  moon  will  not  be  the  same  upon  a  globe  all 
solid  and  upon  one  nearly  all  fluid,  or  it  will  not  be  the  same  upon  a 
globe  in  which  the  solid  shell  forms  one  half  of  the  mass,  and  another 
in  which  it  forms  only  one  tenth. 

Mr.  Hopkins  has,  therefore,  calculated  the  amount  of  precessional 
motion  which  would  result  if  we  assume  the  earth  to  be  constituted 
as  above  stated ;  t.  e.  fluid  internally,  and  enveloped  by  a  solid  shell ; 
and  he  finds  that  the  amount  will  not  agree  with  the  observed  motion, 
unless  the  crust  of  the  earth  be  of  a  certain  thickness.  In  calculating 
the  exact  amount  some  ambiguity  arises  in  consequence  of  our 
Ignorance  of  the  effect  of  pressure  in  promoting  the  solidification  of 
matter  at  high  temperatures.  The  hypothesis  least  favourable  for  a 
great  thickness  is  found  to  be  that  which  assumes  the  pressure  to 
produce  no  effect  on  the  process  of  solidification.  Even  on  this 
extreme  assumption  the  thickness  of  the  solid  crust  must  be  nearly 
/bur  hundred  miles,  and  this  would  lead  to  the  remarkable  result 
that  the  proportion  of  the  solid  to  the  fluid  part  would  be  as  49  to  51, 
or,  to  speak  in  round  numbers,  there  would  be  nearly  as  much  solid  as 
fluid  matter  in  the  globe.  The  conclusion,  however,  which  Mr.  Hopkins 
announces  as  that  to  which  his  researches  have  finally  conducted  him, 
is  thus  expressed  :  "Upon  the  whole,  then,  we  may  venture  to  assert 
that  the  minimum  thickness  of  the  crust  of  the  globe,  which  can  be 
deemed  consistent  with  the  observed  amount  of  precession,  cannot  be 
less  than  one-fourth  or  one-fifth  of  the  earth's  radius.**  That  is  from 
800  to  1000  miles.* 

It  will  be  remarked,  that  this  is  a  minimum^  and  any  still  grecUer 
amount  would  be  quite  consistent  with  the  actual  phenomena;  the  cal- 
eolations  not  being  opposed  to  the  supposition  of  the  general  solidity 
of  the  entire  globe.  Nor  do  they  preclude  us  from  imagining  that  great 
lakes  or  seas  of  melted  matter  may  be  distributed  through  a  shell 
400  or  800  miles  thick,  provided  they  be  so  inclosed  as  to  move  with 

•  Phil.  Trans.  1839,  and  Researches    Phenomena  and   Theory  of  Volcanos, 
in  Physical  Geolf^,  1st,  2nd,  and  3rd    Beport  Brit.  Assoc  1S47. 
8erie^  London,    1839—1842;  also  on 
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It,  whatever  motion  of  rotation  maj  be  commanicated  by  tiM  dl 
turbing  forces  of  tlio  sun  and  moon. 

Central  }teaL  —  The  hypothesis  of  internal  fluidity  oolli  fcr  t 
more  attentive  consideration,  a^  it  lias  been  found  that  thv  heat) 
mines  augments  in  proportion  as  we  descend.  Obsemtiona  to) 
been  made,  not  only  on  the  temperature  of  the  oir  in  mines,  bal  4 
that  of  the  rocks,  and  on  the  water  issuing  from  them.  The  nfl 
rate  of  increase,  calculated  from  results  obtained  in  six  of  tha  de^ 
noal  minca  in  Durham  and  Northumberland,  is  1°  Fuhr.  for  a  dcMI 
of  fortj-four  English  feet.*  A  series  of  observations,  awde  1 
several  of  the  principal  lead  and  silver  mines  in  Saxony,  gai«  I 
Fuhr.  for  every  aixly-five  feet,  In  this  case,  the  bulb  of  tli«  ika 
mometer  was  iuiroduceJ  into  cavities  purposely  cut  in  the  anlid  nd 
at  deptiia  vorying  from  200  to  above  900  feet.  liat  in  otfavr  onM 
of  the  same  country,  it  was  necessary  to  descend  thrico  as  fnr  for  fid 
degree  of  temperature.f  1 

A  tliermometer  was  fixed  in  the  rook  of  the  Dulcoath  miiMi,  til 
Cornwall,  by  Mr.  Fox,  at  the  great  depth  of  1380  feet,  itnd  freque 
observed  during  eighteen  months;  the  mean  tt^mpcratnre  i 
Fahr.,  that  of  the  surface  being  50°,  which  gives  i°  foreveijM 
Ave  feet. 

Kupfier,  ftfler  an  extensive  comparison  of  the  resnlts  in  diffemt 
countries,  makes  the  increase  P  F.  for  about  every  tbirty-eena 
English  feet.j:  M.  Cordier  announces,  as  the  result  of  his  experi- 
ments  and  observations  on  the  temperature  of  the  interior  of  the 
earth,  that  the  heat  increases  rapidly  with  the  depth;  but  the  incntte 
does  not  follow  the  same  law  over  the  whole  earth,  being  twice  or 
three  times  as  much  in  one  country  as  in  another,  and  these  di&r- 
ences  are  not  in  constant  relation  either  with  the  latitiidet  or 
longitudes  of  places.§  He  is  of  opinion,  however,  that  the  increuc 
would  not  be  overstated  at  1°  Cent,  for  every  twenty-flve  metres,  fx 
about  l"  F.  for  every  forty-five  feet]  The  experimental  well  bored 
at  Grenelle,  near  Paris,  gave  about  1°  F.  for  every  sixty  Enghsk 
feet,  when  they  had  reached  a  depth  of  1312  feet. 

Some  writers  have  endeavoured  to  refer  these  phenomena  (which, 
however  discordant  as  to  the  ratio  of  increasing  heat,  appear  all  to 
point  one  way)  to  the  condensation  of  air  constantly  descending  fvm 
the  surface  into  the  mines.  For  the  ur  under  proasnre  would  gin 
out  latent  heat,  on  the  same  principle  as  it  b^mes  coldw  wbea 
rarified  in  the  higher  regions  of  the  atmosphere.  But,  beaidea  ikM 
the  quantity  of  heat  is  greater  than  could  be  suppooed  to  flow  htm 
this  source,  the  argument  has  been  answered  in  a  aatisfaetory  aatiMr 
by  Mr.  Fox,  who  has  shown,  that,in  the  mina  of  CMnwall  Ai 
ascending  have  generally  a  higher  temperature  thaa  the  deaueadlH 

*  Ed.  Joum.  orSci.,  April,  I83S.  read  to  tits  Acadeon^  of  Sdoeci,  lA 

f  Cordier,  Mem.  dc  I'luMiL  torn.  vii.      Jnni.  ISaT.— Edin.  New  FUL  JomH 
t  Fog.  Ann.  torn.  xr.  p.  IS9.  No.  nii.  p.  tT«. 

§  See  M.  GoriMi's  UcBwir  <«  ttia  |  Cordiw,  Hfa.  da  TbtSt,  tm.  ^ 
Tempentni*  oC  ilifilii!Kn«  <£  i^^tf^ 


S    CH.XXXL] 


THBOBr  OF  CENTBAL  HEAT. 


539 


aerial  currents.  The  difference  between  them  was  foand  to  vary 
from  9°  to  17°  F.:  a  proof  that,  instead  of  imparting  heat,  these  cor- 
rents  actuaUj  carry  off  a  large  quantity  from  the  mines.* 

If  we  adopt  M.  Cordier's  estimate  of  1°  F.  for  every  46  feet  of 
depth  as  the  mean  result,  and  assume,  with  the  advocates  of  central 
fluidity,  that  the  increasing  temperature  is  continued  downwards,  we 
should  reach  the  ordinary  boiling  point  of  water  at  about  two  miles 
below  the  surface,  and  at  the  depth  of  about  twenty«four  miles  should 
arrive  at  the  melting  point  of  iron,  a  heat  sufficient  to  fuse  almost 
every  known  substance.  The  temperature  of  melted  iron  was  esti- 
mated at  21,000°  F.,  by  Wedgwood;  but  his  pyrometer  gives,  as 
is  now  demonstrated,  very  erroneous  results.  Professor  Daniell  ascer- 
tained that  the  point  of  fusion  is  2786°  F.f 

According  to  Mr.  Daniell's  scale,  we  ought  to  encounter  the 
internal  melted  matter  before  penetrating  through  a  thickness  repre- 


Fig.92. 


Section  of  the  earth  in  whieh  the  breadth  of  the  outer  boundary  line  repreienta  a  thicknetf  of 
S5  miles ;  the  space  between  the  circles,  indudiag  the  breadth  of  toe  lines,  900  miles. 

sented  by  that  of  the  outer  circular  line  in  the  annexed  diagram 
(fig.  92.) ;  whereas,  if  the  other  or  less  correct  scale  be  adopted,  we 
should  meet  with  it  at  some  point  between  the  two  circles ;  the  space 


•  PhiL  Mag.  and  Ann.  Feb.  1830. 

f  Tho  heat  was  measured  in  Wedg- 
wood's pyrometer  bj  the  contraction  of 
pare  claj,  which  is  reduced  in  volame 
when  heated,  first  by  the  loss  of  its  water 
of  combination,  and  afterwards,  on  the 
apphcation  of  more  intense  heat,  by  in- 
cipient vitrification.  The  expansion  of 
pladna  is  the  test  employed  bj  Ifr.  D»> 


nieU,  in  his  pyrometer,  and  this  has  been 
found  to  yield  nnifbrm  and  constant  re- 
sults, sudi  as  are  in  perfect  harmony 
with  conclusions  drawn  £rom  yarious 
other  faidependent  sources.  The  instru« 
ment  for  which  the  author  receiTed  the 
Bnmford  Medal  from  the  Horal  Society, 
in  1833,  is  described  in  the  rbiL  Tt«Aa. 
1830,  part  ii^  aad  l^\,p«i\ii. 
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between  ihem,  together  with  the  lines  themselTes, 
crust  of  200  miles  in  deptli.  In  either  ease,  we  most  be  propani 
maintain  that  a  temperature  many  times  greater  ihao  that  waSm 
to  melt  the  most  refractory  subatances  known  to  us,  is  sustaineri  ti  it 
centre  of  the  globe ;  while  a  comparative!)'  ihtn  crost,  resting  vf^ 
the  fluid,  remains  unmelted ;  or  is  even,  according  to  M.  CoHier, » 
creaaing  in  thickness,  by  the  continual  addition  of  new  interail  ItfM 
solidified  during  the  process  of  refrigeration. 

The  mathematical  calculations  of  Fourier,  on  the  passage  of  M 
through  conducting  bodies,  have  been  since  appealed  to  in  capfl 
uf  th^  views  ;  for  he  has  shown  that  it  is  compatible  with  tii«a} 
that  the  present  temperature  of  the  surface  might  co-exist  with  • 
intense  lieat,  at  a  certain  depth  below.  But  his  reasoning  MeiM  V 
he  confined  to  the  conduction  of  heat  through  solid  bodies  ;  and  iW 
conditions  of  the  problem  are  wholly  altered  when  we  reason  ab«at  i 
fluid  nucleus,  aa  we  must  do  if  it  be  assumed  that  the  beat  bucbvU 
from  the  surface  to  the  interior,  according  to  the  rate  observed  > 
mines.  For  when  the  heat  of  the  lower  portion  of  a  fluid  i^inamtA 
a  circulation  begins  throughoat  the  mass,  by  the  ascent  of  botwr,  ■! 
the  descent  of  colder  currents.  And  this  drculation,  which  is  qa* 
distinct  from  the  mode  in  which  beat  is  propagated  throagb  nD 
bodies,  must  evidently  occur  in  the  supposed  central  ocean,  if  li* 
laws  of  fluids  and  of  heat  are  the  same  tlicre  as  upon  the  Biirface. 

In  Mr.  Daniell's  experiments  for  obtaining  a  measure  of  the  IM 
of  bodies,  at  their  point  of  fusion,  he  invariably  found  that  tt  m 
impossible  to  raise  the  heat  of  a  large  crucible  of  melted  iron,  gtUt 
or  silver,  a  single  degree  beyond  the  melting  point,  so  long  as  a  kv 
of  the  respective  metals  was  kept  immersed  in  the  fluid  portioni.  St 
in  regard  to  other  aubstances,  however  great  the  quantities  faK^ 
their  temperature  could  not  be  raised  while  any  solid  pieces  inuMTltl 
in  them  remained  unmelted  ;  every  accession  of  heat  being  iastaadf 
absorbed  during  their  liquefaction.  Tlicso  results  are,  in  hct,  M 
morn  than  the  extension  of  a  principle  previously  established,  thst  m 
long  aa  a  fragment  of  ice  remains  in  water,  we  cannot  raite  ibl 
temperature  of  the  water  above  32"  F. 

If,  then,  the  heat  of  the  eartli's  centre  amount  to  450,000*  F,  « 
N..  Curdier  deems  higlily  probable,  that  is  to  say,  about  twenty  tinM 
the  heat  of  melted  iron,  even  according  to  Wedgwood's  mk,  si^ 
upwards  of  160  times  according  to  the  improved  pyrometer.  It  ii 
clear  ttiat  the  upper  parts  of  the  fluid  mass  could  not  long  Ittt*  • 
temperature  only  just  sufficient  to  melt  rocks.  There  mtut  ka  ■ 
continual  tendency  towards  a  uniform  heat  ;  and  until  thii  wm 
accomplished,  by  the  interchange  of  portions  of  fluid  of  iliJiP^ 
densities,  the  surface  could  not  begin  to  coosoUdate.  Nor,  on  •■ 
hypothesis  of  primitive  fluidity,  can  we  conceiTO  any  crost  t«  ta» 
been  formed  until  t/ie  whole  planet  had  cooled  down  to  aboat  da 
temperature  of  incipient  fusion. 

It  cannot  be  objected  that  hydrostatic  pressure  would  prevort  > 
tendency  to  c<\ua\\xa,l\oa  tiX  Umyititure ;  for,  as  far  as  observali** 
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have  yet  beea  made,  it  is  found  that  the  waters  of  deep  lakes  and 

^  seas  are  governed  by  the  same  laws  as  a  shallow  pool ;  and  no  experi- 

',  meats  indicate  that  solids  resist  fusion  under  high  pressure.    The 

arguments,  indeed,  now  controverted,  always  proceed  on  the  admission 

that  the  internal  nucleus  is  in  a  state  of  fusion, 

■r 

It  may  be  said  that  we  may  stand  upon  the  hardened  surface  of  a  lava 

current  while  it  is  still  in  motion, — nay,  may  descend  into  the  crater 

of  Vesuvius  after  an  eruption,  and  stand  on  the  scoriss  while  every 

crevice  shows  that  the  rock  is  red-hot  two  or  three  feet  below  us ; 

r  and  at  a  somewhat  greater  depth,  all  is,  perhaps,  in  a  state  of  fusion. 

~  May  not,  then,  a  much  more  intense  heat  be  expected  at  the  depth 

*  of  several  hundred  yards,  or  miles  ?    The  answer  is,  — that,  until  a 

'    great  quantity  of  heat  has  been  given  ofiT,  either  by  the  emission  of 

lava,  or  in  a  latent  form  by  the  evolution  of  steam  and  gas,  the  melted 

matter  continues  to  boil  in  the  crater  of  a  volcano.     But  ebullition 

ceases  when  there  is  no  longer  a  sufficient  supply  of  heat  from  below, 

and  then  a  crust  of  lava  may  form  on  the  top,  and  showers  of  scorise 

may  then  descend  upon  the  surface,  and  remain  unmelted.    If  the 

internal  heat  be  raised  again,  ebullition  will  recommence,  and  soon 

faso  the  superficial  crust.     So  in  the  case  of  the  moving  current,  we 

may  safely  assume  that  no  part  of  the  liquid  beneath  the  hardened 

surface  is  much  above  the  temperature  sufficient  to  retain  it  in  a 

state  of  fluidity. 

It  may  assist  us  in  forming  a  clearer  view  of  the  doctrine  now 
controverted,  if  we  consider  what  would  happen  were  a  globe  of 
homogeneous  composition  placed  under  circumstances  analogous*  in 
regard  to  the  distribution  of  heat,  to  those  above  stated.  If  the 
whole  planet,  for  example,  were  composed  of  water  covered  with  a 
spheroidal  crust  of  ice  fifty  miles  thick,  and  with  an  interior  ocean 
having  a  central  heat  about  two  hundred  times  that  of  the  melting 
point  of  ice,  or  6400°  F. ;  and  if,  between  the  surface  and  the  centre, 
there  was  every  intermediate  degree  of  temperature  between  that  of 
melting  ice  and  that  of  the  central  nucleus  ; — could  such  a  state  of 
things  last  for  a  moment  ?  If  it  must  be  conceded,  in  this  case,  that 
the  whole  spheroid  would  be  instantly  in  a  state  of  violent  ebullition, 
that  the  ice  (instead  of  being  strengthened  annually  by  new  internal 
layers)  would  soon  melt,  and  form  part  of  an  atmosphere  of  steam-— 
on  what  principle  can  it  be  maintained  that  analogous  effiscts  would 
not  follow,  in  regard  to  the  earth,  under  the  conditions  assumed  in 
the  theory  of  central  heat  ?♦ 

M.  Cordier  admits  that  there  must  be  tides  in  the  internal  melted 

*  The  above  remarks  are  reprinted  1835.    In  this  memoir  he  controverts 

verbatim  from  my  third  edition.  May,  the  doctrine  of  the  high  temperatm^  of  a 

1834.    A  memoir  was  afterwards  com-  central  fluid  on  similar  grounds  to  those 

manicated  bj  M.  Poisson  to  the  Academy  above  stated.    He  imagines,  that  if  the 

of  Sciences,  January,  1837,  on  the  solid  globe  ever  passed  from  a  liquid  to  a  solid 

parts  of  the  globe,  containing  an  epitome  state  by  radiation  of  heat,  the  central 

of  a  work  entitled  ^  Theorie  Mathe-  nocleas  must  have  began  to  cool  and 

matique  ds  la  Chaletir,*'  published  in  consolidate  first. 
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ocenn ;  but  their  effect,  he  Bays,  liaa  become  feeble,    nltboB^h  » 
ginully,  nhen  the  fluidity  of  the  globe  nas  perfect,  "  the  ri«e  msi  tt 
of  these  ancient  land  tides  could  not  have  been  less  than  fmm  iUiHb 
to  sixteen  feet."     Now,  granting  for  a  moment,  that  these  tidei 
become  so  feeble  as  to  be  incapable  of  causing  the  fissured  shell  irftto 
earth  to  be  first  uplifted  and  then  depressed  every  six  hoare,  uilli 
we  not  ask  whether,  during  eruptions,  the  lava,  which  is  bui^mo 
communicate  with   a  great  central  ocean,  would  not   rise  tai  U 
sensibly  in  a  crater  auch  as  Siromboli,  where  tbcrc  is  always  i 
matter  in  a  state  of  ebullition  ? 

WTiether  chemical  changa  may  produce  volcanic  luat, — BfTii| 
now  explained  the  reasons  wliicli  have  induced  me  to  questioti  tl* 
hypothesis  of  central  lieat  as  the  primary  source  of  volcanic  artvcai  i 
remains  to  consider  what  has  been  termed  the  chemical  theory  J 
volcanos.  It  is  well  known  that  miuiy,  perhaps  all,  of  tt>e  sab^naacB 
of  which  the  earth  is  composed  are  continually  undergoing  ckeiual 
changes.  To  what  depth  these  processes  may  be  continued  dfi**' 
wards  must,  in  a  great  degree,  be  matter  of  conjectare  ;  but  thcr»t> 
no  reason  to  suspect  that,  if  we  could  descend  to  a  great  diftiw 
from  the  surface,  we  should  find  elementary  eubstaacea  diStfilf 
esaentially  from  those  with  which  we  are  acquainted. 

All  the  solid,  fluid,  and  ga.^ous  bodies  known  tu  us  consist  of  I 
very  small  number  uf  these  elementary  substances  rarionsly  combiMd: 
the  total  number  of  elements  at  present  known  is  less  than  sixty :  sn^ 
not  half  of  these  enter  into  the  composition  of  the  more  abundttt 
inorganic  productions.  ISome  portions  of  such  compounds  arcdiitf 
undergoing  decomposition,  and  their  constituent  parts  being  s*t  ittt 
are  passing  into  new  combinations.  These  processes  are  by  no  mmm 
confine<l  to  minerals  at  the  earth's  surface,  and  are  very  often  »«o» 
panied  by  the  evolution  of  heat,  which  is  intense  in  proportion  to  it* 
rapidity  of  the  combinations.  At  the  some  time  therv  is  a  derelif 
ment  of  electricity, 

The  spontaneous  combustion  of  beds  of  bituminous  sbale,  aai  d 
refuse  coal  thrown  out  of  mines,  is  generally  due  to  the  decompoaii* 
of  pyrites ;  and  it  is  the  contact  of  air  and  water  which  brings  ib^^ 
the  change.  Heat  results  from  the  oxidation  of  the  sulphur  and  ifM 
though  on  what  principle  heat  is  generated,  when  two  or  more  boAM 
having  a  strong  affinity  for  each  other  unite  suddenly,  is  wb«^y  »• 
explained. 

Khclricity  a  source  qfvolranic  heat. — It  has  already  beeoilUM 
that  chemical  changes  develope  electricity;  which,  in  it*  tn^  ^ 
comes  a  powerful  disturbing  cause.  As  a  chemical  agen^  t^ 
Davy,  its  sih/nt  and  slow  operation  in  the  economy  of  naluraiiPi* 
more  important  than  its  grand  and  impressive  operation  in  ligliO^ 
Knd  thunder.  It  may  be  considered,  not  only  m  directly  pniaif 
an  inflDiie  variety  of  changes,  but  as  inflaeodng  almost  all  «bn 
tike  place  ;  it  would  seem,  indeed,  that  chemical  attraction  iuaU  ■ 
only  a  peculiar  form  of  the  exhibition  of  electrical  attraciion.* 
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Now  that  it  has  been  demonstrated  that  magnetism  and  electricity 
are  always  associated,  and  are  perhaps  only  different  conditions  of 
the  same  power,  the  phenomena  of  terrestrial  magnetism  have  be- 
come of  no  ordinary  interest  to  the  geologist  Soon  afW  the  first 
great  discoveries  of  Oersted  in  electro-magnetism,  Amp&*e  suggested 
that  all  the  phenomena  of  the  magnetic  needle  might  be  explained  by 
supposing  currents  of  electricity  to  circulate  constantly  in  the  shell 
of  the  globe  in  directions  parallel  to  the  magnetic  equator*  This 
theory  has  acquired  additional  consistency  the  farther  we  have 
advanced  in  science ;  and  according  to  the  experiments  of  Mr.  Fox, 
on  the  electro-magnetic  properties  of  metalliferous  veins,  some  trace 
of  electric  currents  seems  to  have  been  detected  in  the  interior  of  the 
earth.  • 

Some  philosophers  ascribe  these  currents  to  the  chemical  action 
going  on  in  the  superficial  parts  of  the  globe  to  which  air  and  water 
have  the  readiest  access ;  while  others  refer  them,  in  part  at  least,  to 
thermo-electricity  excited  by  the  solar  rays  on  the  surface  of  the  earth, 
during  its  rotation ;  successive  parts  of  the  atmosphere,  land,  and  sea 
being  exposed  to  the  influence  of  the  sun,  and  then  cooled  again  in 
the  night.  That  this  idea  is  not  a  mere  speculation,  is  proved  by 
the  correspondence  of  the  diurnal  variations  of  the  magnet  with  the 
apparent  motion  of  the  sun ;  and  by  the  greater  amount  of  variation 
in  summer  than  in  winter,  and  during  the  day  than  in  the  night  M. 
de  la  Rive,  although  conceding  that  such  minor  variations  of  the 
needle  may  be  due  to  thermo-electricity,  contends  that  the  general 
phenomena  of  terrestrial  magnetism  must  be  attributed  to  currents 
far  more  intense ;  which,  though  liable  to  secular  fiuctuations,  act 
with  much  greater  constancy  and  regularity  than  the  causes  which 
produce  the  diurnal  variations.f  The  remark  seems  just ;  yet  it  is 
difficult  to  assign  limits  to  the  accumulated  infiuence  even  of  a  very 
feeble  force  constantly  acting  on  the  whole  surface  of  the  earth.  This 
subject,  however,  must  evidently  remain  obscure,  until  we  become 
acquainted  with  the  causes  which  give  a  determinate  direction  to  the 
supposed  electric  currents.  Already  the  experiments  of  Faraday  on 
the  rotation  of  magnets  have  led  him  to  speculate  on  the  manner  in 
which  the  earth,  when  once  it  had  become  magnetic,  might  produce 
electric  currents  within  itself,  in  consequence  of  its  diurnal  rotation,  f 
We  have  seen  also  in  a  former  chapter  (p.  129.),  that  the  recent  ob- 
servations of  Schwabe,  1852,  have  led  Col.  Sabine  to  the  discovery 
of  a  connexion  between  certain  periodical  changes,  which  take  place 
in  the  spots  on  the  sun,  and  a  certain  cycle  of  variations  in  terrestrial 
magnetism.  These  seem  to  point  to  the  existence  of  a  solar  magnetic 
period,  and  suggest  the  idea  of  the  sun's  magnetism  exerting  an  in- 
fluence on  the  mass  of  our  planet. 

In  regard  to  thermo-electricity,  I  may  remark,  that  it  may  be 
generated  by  great  inequalities  of  temperature,  arising  from  a  partial 

•  Phil  Trans.  1S30,  p.  399.  t  ^E*hiL  Trans.,   1882,  p.  176. ;  also 

f  Biblioth.  Uniyers.,  1833,  Electricite.    pp.  172,  173,  &c 
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distribution  of  volcanic  Iicat,  Wherever,  for  exam^ilc,  masses  of  rock 
occur  of  great  horizontal  extent,  and  of  considerable  depth,  whicli  an 
nt  one  point  in  a  stat«  of  fusion  (as  bsnealh  some  active  volcano) :  il 
anotlier,  red-hot;  aud  at  ft  third,  comparatively  cold — strong thcnno- 
electric  action  may  be  excited. 

ijome,  perhaps,  may  object,  that  this  is  r^asooing  in  s  cirde;  fini 
to  introduce  electricity  as  one  of  the  primary  causes  of  volcanic  bM^ 
and  then  to  derive  the  game  heat  from  thermo-electric  currents.  Bal 
there  must,  in  truth,  be  much  reciprocal  action  between  the  agfnti 
now  under  considnration ;  and  it  is  very  difficult  to  decide  whlck 
should  be  regnrded  as  the  prime  mover,  or  to  see  where  the  tnis 
of  changes,  once  begun,  would  terminate.  'Whether  eubterrsneu 
electric  currents  if  once  excited  might  sometimes  poMcsa  the  deoetf 
posing  power  of  the  Toltaic  pile,  is  a  question  not  perhaps  easily 
answered  in  the  present  state  of  science;  but  such  a  power,  if  dew- 
loped,  would  at  once  supply  us  with  a  never-failing  source  of  cbenKll 
action  from  which  volcanic  heat  might  be  derived. 

Heeapilulation. — Before  enteriug,  in  the  neit  chapter,  stili  farthtc 
into  the  inquiry,  how  far  lliD  phenomena  of  volcanos  sod  eulhqBil:4 
accord  with  tlie  hypothesis  of  a  continued  generation  of  bHi  tf 
chemical  action,  it  may  be  desirable  to  recapitulate,  in  a  few  worf% 
tliC  couclusions  ulrendy  obtained. 

lat.  The  primary  causes  of  the  volcano  and  the  earthquake  sr«. 
to  a  great  extent,  the  same,  and  must  be  connected  with  the  pusiS* 
of  heat  from  the  interior  to  the  surface. 

2iily.  This  heat  has  been  referred,  by  many,  to  a  supposed  ttstf 
of  igneous  fusion  of  the  central  parts  of  the  planet  whi'u  i>  wi> 
first  created,  of  which  a  part  still  remains  in  the  interior,  bat  i* 
always  diminisliinj  in  intensity. 

Sdly.  The  spheroidal  figure  of  the  earth,  adduced  in  support  at 
this  theory,  does  not  of  necessi^  imply  an  universal  and  BimaltuKoV 
fluidity,  in  the  beginnings  for  supposing  the  original  figure  of  (W 
planet  had  been  strictly  spherical  —  which,  however,  is  a  gratniloM 
assumption,  resting  on  no  established  analogy  —  still  the  ttatxsl 
figure  must  have  been  assumed,  if  sufficient  time  be  allowed,  by  ths 
gradual  operation  of  the  centrifugal  force,  acting  on  the  materials 
hrought  successively  within  its  action  by  aqueous  and  igneous  causes. 
4thly.  It  appears,  from  experiment,  that  the  heat  in  mines  i>- 
creases  progressively  with  their  depth ;  and  if  the  ratio  of  incna» 
be  continued  uniformly  from  the  surface  to  the  interior,  the  wh<di 
globe,  with  the  exception  of  a  small  external  shell,  must  be  fluid,  •■' 
the  central  parts  must  have  a  temperature  monj  times  higher  thtf 
that  of  melted  iron. 

Sthly.  But  the  theory  adopted  by  M.  Cordier  and  others,  Thick 
maintains  the  actual  existence  of  such  a  state  of  things,  isM* 
wholly  inconsistent  with  the  laws  which  regulate  the  circniadca  ^ 
heat  through  fluid  bodies.  For,  if  the  central  heat  were  as  inteiM 
IS  il  represented,  there  mast  be  a  drcolatioD  of  cnirenti^  teodiiC 
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to  equalize  the  temperature  of  the  resulting  fluids,  and  the  solid  crust 
itself  would  be  melted. 

6thlj.  Instead  of  an  original  central  heat,  we  may,  perhaps,  refer 
the  heat  of  the  interior  to  chemical  changes  constantly  going  on  in 
the  earth's  crust ;  for  the  general  effect  of  chemical  combination  is 
the  evolution  of  heat  and  electricity,  which  in  their  turn  become 
sources  of  new  chemical  changes. 


CHAPTER  XXXII. 

CAUSES  OF   EARTHQUAKES  AND  VOLCANOS — continued. 

Review  of  the  proofs  of  internal  heat — Theory  of  an  nnoxidated  metallic  nucleus 
» Whether  the  decomposition  of  water  may  be  a  source  of  volcanic  heat — 
Geysers  of  Iceland— Causes  of  ^earthquakes — Wavelike  motion — Expansive 
power  of  liquid  gases — Connection  between  the  state  of  the  atmosphere  and 
earthquakes — Permanent  upheaval  and  subsidence  of  land — Expansion  of  rocks 
by  heat  —  The  balance  of  dry  land  how  preserved — Subsidence  in  excess — 
Conclusion. 

When  we  reflect  that  the  largest  mountains  are  but  insignificant 
protuberances  upon  the  surface  of  the  earth,  and  that  these  mountains 
are  nevertheless  composed  of  different  parts  which  have  been  formed 
in  succession,  we  may  well  feel  surprise  that  the  central  fluidity  of 
the  planet  should  have  been  called  in  to  account  for  volcanic  pheno- 
mena. To  suppose  the  entire  globe  to  be  in  a  state  of  igneous  fusion, 
with  the  exception  of  a  solid  shell,  not  more  than  from  thirty  to  one 
hundred  miles  thick,  and  to  imagine  that  the  central  heat  of  this  fluid 
spheroid  exceeds  by  more  than  two  hundred  times  that  of  liquid  lava,  is 
to  introduce  a  force  altogether  disproportionate  to  the  effects  which 
it  is  required  to  explain. 

The  ordinary  repose  of  the  surface  implies,  on  the  contrary,  an 
inertness  in  the  internal  mass  which  is  truly  wonderfiil.  When  we 
consider  the  combustible  nature  of  the  elements  of  the  earth,  so  far 
as  they  are  known  to  us, — the  facility  with  which  their  compounds 
may  be  decomposed  and  made  to  enter  into  new  combinations,  —  the 
quantity  of  heat  which  they  evolve  during  these  processes ;  when  we 
recollect  the  expansive  power  of  steam,  and  that  water  itself  is  com- 
posed of  two  gases  which,  bj  their  union>  produce  intense  heat ;  when 
we  call  to  mind  tlie  number  of  explosive  and  detonating  compounds 
which  have  been  already  discovered,  we  may  be  allowed  to  share  the 
astonishment  of  Pliny,  that  a  single  day  should  pass  without  a  general 
conflagration  :  —  "  Excedit  profect6  omnia  miracula,  uUum  diem 
fuisse  quo  non  cuncta  conflagrarent.*'* 

The  signs  of  internal  heat  observable  on  the  surface  of  the  earth 

*  Hist.  Mundi,  lib.  ii  c.  107. 
N  K 
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do  iiot  necessariljr  inilicnte  tlie  permanent  exUteoce  of  sabti 
liealeil  ma^es,  nlieilier  fluid  or  solid,  by  any  means  90  vast  tu  o^ 
continents  and  seas  ;  yet  how  insignilieaiit  would  these,  appear  if 
tributed  through  an  exteraal  siicll  of  tlic  globe  one  or  two  buixlnl' 
miles  in  depth  !  The  principal  fecld  in  proof  of  the  ace u inula tim  t 
heat  below  the  surface  may  be  Bummed  up  in  a  few  words.  Senrtil. 
volcanos  are  canHtanlly  in  eruption,  as  Stromboli  aiid  Nicaragni 
otUerB  are  known  to  have  been  active  for  periotls  of  60,  or  even  i^ 
years,  as  those  of  Sangay  in  Quito,  Popocatepetl  in  Mexico,  ani  tli 
volcano  of  the  Isle  of  Bourbon.  Many  craters  emit  hot  vapoan  k 
the  intervals  between  eniptiotifi,  and  solfataras  evolve  iiieessantly  ill 
same  gases  as  volcanos.  Steam  of  high  temperature  has  contionel 
for  more  than  twenty  centuries  to  issue  from  the  "stufns,"  ta  tit 
Italians  call  them  ;  thermal  springs  abound  not  only  in  re^on*  tt 
earthquakes  but  are  found  in  almost  all  countries,  however  disuat, 
from  active  vents ;  and,  lastly,  the  temperature  in  the  mine'  of 
various  parts  of  the  world  13  found  lo  increase  in  proportion  as  we 
descend. 

Tho  diagrsm  {fig.  93.)  in  the  next  page,  may  convey  some  idea  of  il* 
proportion  which  onr  continents  and  the  ocean  bear  to  the  radius  of  lb 
earth.'  If  all  the  land  were  about  as  high  aa  the  Himalaya  tnountaim 
and  the  ocean  every  where  as  deep  as  ihe  Facilic,  the  whole  of  Mi 
might  bo  contained  within  a  spaci;  expressed  by  the  ihickneas  of  lU 
line  a  b  ;  and  masses  of  nearly  equal  volume  might  be  placed  in  ili« 
spice  marked  by  the  line  c  ti,  in  the  interior.  Seas  of  lava,  there- 
fore, of  the  size  of  the  Mediterranean,  or  even  of  the  Atlantic  would 
be  as  nothing  if  distributed  through  such  an  outer  shell  of  the  globi 
Bs  is  represented  by  the  sbadi'd  portion  of  the  figure  abed.  If 
throughout  that  space  we  imagine  electro -chemical  causes  to  !« 
continually  in  operation,  even  of  very  feeble  power,  they  might  givt 
rise  lo  heat  which,  if  accumulated  at  certain  points  might  mdi  w 
render  red-hot  entire  mountains  or  sustain  the  temperature  of  slufa* 
and  hot  springs  for  ages. 

Theory  of  on  unoxidated  metallic  nucleus.  —  When  Sir  H.  D»tj 
first  discovered  the  metallic  bases  of  the  earths  and  alkalies,  he  thrir* 
out  the  idea  that  those  metals  might  abound  in  an  unoxidiznl  «tM 
in  the  subterranean  regions  to  which  water  mutt  occasionally  ptoc 
irate.  Whenever  this  happened,  gaseous  matter  would  I>e  set  Inf, 
Ihe  metals  would  combine  with  the  oxygen  of  the  water,  and  ef- 
ficient heat  might  be  evolveil  to  melt  the  snrrounding  rork*.  'K' 
hypothesisi,  allhough  afterwards  abandoned  by  its  author,  wm  u  flm 
very  favourably  received  both  by  tho  chemist  and  thu  gcotoptt:  it 
silica,  alumina,  lime,  soda,  and  oxide  of  iron, — substances  of  vUtk 
lavas  ore  principally  composed, — would  all  result  fnom  th«  cootvt'f 
the  inflammable  metals  alluded  to  with  water.  Hut  whom  tUi 
abundant  store  of  unsaturated  metals  in  the  interior  F    II  wu  lason^ 
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Fig.  93. 


Centre  of  the  earth. 

tbaty  in  the  beginning  of  things,  the  nucleus  of  the  earth  was  mainlj 
composed  of  inflammable  metals,  and  that  oxidation  went  on  with  in- 
tense energy  at  first ;  till  at  length,  when  a  superficial  crust  of  oxides 
had  been  formed,  the  chemical  action  became  more  and  more  languid. 
This  speculation,  like  all  others  respecting  the  primitive  state  of 
the  earth's  nucleus,  rests  unavoidably  on  arbitrary  assumptions.  But 
we  may  fairly  inquire  whether  any  existing  causes  may  have  the  power 
of  deoxidating  the  earthy  and  alkaline  compounds  formed  from  time 
to  time  by  the  action  of  water  upon  the  metallic  bases.  If  so,  and  if 
the  original  crust  or  nucleus  of  the  planet  contained  distribul^^. 
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through  it  here  and  there  some  partial  storesorpotnssiuin,  ftodian.  ■ 
other  metoUic  bases,  theee  might  be  oxidaled  and  ngnin  deoxidalei' 
as  to  sustain  for  ages  &  permanent  chemical  action.    Yet  eveo  iheD  i 
should  be  unable  to  explain  why  such  a  continuous  circle  of 
after  having  been  keplup  for  thousands  of  years  in  one  district, 
entirely  cense,  and  why  another  region,  n-hich  had  enjoyed  n  tw 
from  Tolcanic  action  for  one  or  many  geological  periodg,  ebould  bca 
a  theatre  for  the  development  of  subierranean  heat. 

It  is  well  known  to  chemists,  that  the  metallization  of  oki^k 
most  difficult  to  rednee,  may  be  effected  by  hydrogen  bruagbt  i 
contact  with  them  at  a  red  heat;  and  it  is  more  thnn  probable  lU 
the  production  of  potassium  itself,  in  the  common  go q -barrel  | 
is  due  lo  the  power  of  nascent  hydrogen  derived  from  the 
which  the  hydrated  oxide  contains.  According  to  the  recent  expat> 
ments,  also,  of  Faraday,  it  would  appear  that  every  case  of  ~ 
reduction  by  vnltaic  agency,  from  saline  solutions,  in  whicb  valtrb 
present,  is  due  to  the  secondary  action  of  hydrogen  upon  tbe  oxidi; 
both  of  these  being  determined  to  the  negative  pole  and 
acting  npon  one  another. 

It  is  admitted  that  intense  heat  would  be  produced  by  tbe  in» 
sional  contact  of  water  with  the  metallic  bases ;  and  it  is  etrtain  ibl 
during  the  process  of  saturation,  vast  volumes  of  hydrogen  mmi  b» 
evolTcd.  The  hydrogen,  thus  generated,  might  permeate  the  ct* 
of  the  earth  in  different  directions,  and  become  stored  op  for  ag«4  a 
fissures  and  caverns,  sometimes  in  a  liquid  form,  under  the  aecesatj 
pressure.  Whenever,  at  any  subsequent  period,  in  conseqaeoee  rf 
the  changes  effected  by  earthquakes  in  the  shell  of  the  earth,  tli 
gas  happened  to  come  in  contact  with  metallic  oxides  at  a  high  tea- 
pemture,  the  reduction  of  these  oxides  might  be  the  resnlL 

No  theory  seems  at  first  more  startling  than  that  which  r»pfe*«D 
water  as  affording  an  inexhaustible  supply  of  fuel  to  the  Tofcaait 
fires ;  yet  is  it  by  no  means  visionary.  It  is  a  fact  thai  must  art 
be  overlooked,  that  while  a  great  number  of  volcanos  are  entinh 
submarine,  the  remainder  occur  for  the  most  part  in  islands  or  mariliiM 
tracts.  There  are  a  few  exceptions;  but  some  of  these,  observw 
Dr.  Daubeny,  are  near  inland  salt  lakes,  ns  in  Central  Tina^i 
while  others  form  part  of  a  train  of  volcanos,  tbe  extrcmitiM  «' 
which  are  near  the  sea. 

Sir  n.  Davy  suggested  that,  when  the  sea  is  distant,  is  in  the  «• 
of  some  of  the  South  American  volcanos,  they  may  still  W  sapplic' 
with  water  from  subterranean  lakes ;  since,  according  to  lluntboUi. 
Urge  quantities  of  fish  are  often  thrown  out  during  eruptions.*  Mf. 
Dana  also,  in  his  valuable  and  original  observatiuns  on  the  lotou' 
of  the  Sundwich  Islands,  reminds  us  of  the  prodigious  volume  of  ■>' 
mospheric  water  which  must  be  absorbed  into  tbe  interior  of  mk^ 
large  and  lofty  domes,  composed  as  they  are  entln-ly  of  poroai  bi^ 
To  this  source  alone  he  refers  the  prodaclion  of  tin  Mcam  by  «ka<^ 

•  Bia.T«ra.  less,  p.  aso. 
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the  melted  matter  is  propelled  upwards,  even  to  the  summit  of  cones 
three  miles  in  height* 

When  treating  of  springs  and  overflowing  wells,  I  have  stated  that 
porous  rocks  are  percolated  by  fresh  water  to  great  depths,  and  that 
sea  water  probably  penetrates  in  the  same  manner  through  the  rocks 
which  form  the  bed  of  the  ocean.  But,  besides  this  universal  cir-> 
culation  in  regions  not  for  from  the  surface,  it  mast  be  supposed 
that,  wherever  earthquakes  prevail,  much  larger  bodies  of  water  will 
be  forced  by  the  pressure  of  the  ocean  into  fissures  at  greater  depths, 
or  swallowed  up  in  chasms;  in  the  same  manner  as  on  the  land, 
towns,  houses,  cattle,  and  trees  are  sometimes  engulphed.  It  will  be 
remembered,  that  these  chasms  often  close  again  after  houses  have 
fallen  into  them  ;  and  for  the  same  reason,  when  water  has  penetrated 
to  a  mass  of  melted  lava,  the  steam  into  which  it  is  converted  may 
often  rush  out  at  a  different  aperture  from  that  by  which  the  water 
entered. 

The  gases,  it  is  said,  exhaled  from  v(^canos,  together  with  steam,  are 
such  as  would  result  from  the  decomposition  of  salt  water,  and  the 
fumes  which  escape  from  the  Yesuvian  lava  have  been  observed  to 
deposit  common  salt.f  The  emission  of  free  muriatic  acid  gas  in 
great  quantities  is  also  thought  by  many  to  favour  the  theory  of  the 
decomposition  of  the  salt  contained  in  sea  water.  It  has  been  objected, 
however,  that  M.  Boussingault  did  not  meet  with  this  gas  in  his  ex- 
amination of  the  elastic  fluids  evolved  from  the  volcanos  of  equatorial 
America ;  which  only  give  out  aqueous  vapour  (in  very  large  quan- 
tity), carbonic  acid  gas,  sulphurous  acid  gas,  and  sometimes  fumes  of 
sulphur.f  In  reply,  Dr.  Daubeny  has  remarked,  that  muriatic  acid 
may  have  ceased  to  be  disengaged,  because  the  volcanic  action  has 
become  languid  in  equatorial  America,  and  sea  water  may  no  longer 
obtain  admission. 

M.  Gay  Lussac,  while  he  avows  his  opinion  that  the  decomposition 
of  water  contributes  largely  to  volcanic  action,  called  attention,  never- 
theless,  to  the  supposed  fact,  that  hydrogen  had  not  been  detected  in 
a  separate  form  among  the  gaseous  products  of  volcanos ;  nor  can  it, 
he  says,  be  present ;  for,  in  that  case,  it  would  be  inflamed  in  the  air 
by  the  red-hot  stones  thrown  out  during  an  eruption.  Dr.  Davy,  in 
his  account  of  Graham  Island,  says,  *'  I  watched  when  the  lightning 
was  most  vivid,  and  the  eruption  of  the^reatest  degree  of  violence,  to 
see  if  there  was  any  inflammation  occasioned  by  this  natural  electric 
spark — any  indication  of  the  presence  of  inflammable  gas ;  but  in 
vain.§ 

May  not  the  hydrogen.  Gay  Lussac  inquires,  be  combined  with 
chlorine,  and  produce  muriatic  acid  ?  for  this  gas  has  been  observed 
to  be  evolved  from  Vesuvius -— and  the  chlorine  may  have  been 


*  Geology  of  American   Exploring        \  Ann.  de  Chim.  et  de  Phys.  torn.  ilL 
Bzpedition,  p.  369.  p.  181. 

t  Davy,  FhiL  Trans.  1828,  p.  244.  {  Phil  Trans.  1832,  p.  240. 
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derived  from  sea  ealt ;  which  was,  in  fact,  extracted  by  simple  « 
iug  from  ihe  Vesuvian  lava  of  1822,  in  the  proportion  of  nine  p« 
cent.*  But  it  was  answered,  tbftt  Sir  H.Davy's  ozpertmetiU  hi 
shown,  that  hydrogen  is  not  cionibustible  when  mixed  with  am 
acid  gas  ;  so  that  if  muriatic  gas  was  evolved  in  hirge  quaDtitieai  ik 
hydrogen  might  be  present  without  inflammation. f  3L  Abiclk,  • 
the  other  hand,  assures  us,  "  ibat  although  it  be  true  tiiat  vsfioor  ilh 
minated  by  incEiD descent  lava  bas  often  been  misiaken  Tim-  Aame,' jtl 
he  clearly  detected  in  the  eruption  of  Vesuvius  in  1834  thaiamtd 
hydrogen.* 

M.  Gay  Lussnc,  in  the  memoir  just  alluded  to,  expressed  doobia 
Id  the  presence  of  sulphurous  acid  ;  but  the  abundant  diwng^miil 
of  this  gas  during  eruptions  baa  been  since  ascertained :  and  ihoi  >l 
difficulty  in  regard  to  the  geoeral  absence  of  hydrogen  in  an  in' 
mable  state  is  removed ;  for,  as  Dr.  Daubeuy  suggests,  the  Iij-drogto  d 
decomposeil  water  may  unite  with  sulphur  to  form  sulphumicd  kj- 
drogeu  gae,  anil  this  gns  will  then  be  mingled  with  the  »alph«niil 
add  as  it  rises  to  the  crater.  It  is  shown  by  experiment,  that  d 
gases  mutually  decompose  each  other  when  mixed  where  steao 
present;  the  hydrogen  of  the  one  immediately  uniting  with  theo^ 
gen  of  tilt'  other  to  form  water,  while  the  excess  of  sulpburoui  »a< 
aioTit;  egcopes  into  the  atmosphere.  Sulphur  is  at  tlie  same 
precipitated. 

This  explanation  is  sufHcient;  but  it  may  also  be  observed  tldt 
the  ilame  of  hydrogen  would  rarely  be  visible  during  an  emi>ii<^; 
as  that  gas,  when  inflamed  la  a  pure  state,  bums  with  a  very  fii"i 
blue  flame,  which  even  in  the  night  could  hardly  be  percpptibie  bf 
the  side  of  red-hot  and  incandescent  cinders.  Its  immediate  oe*- 
version  into  water  when  inflamed  in  the  aimospherr,  might  i1m 
account  for  its  not  appearing  in  a  separate  form. 

Dr.  Daubeny  is  of  opinion  that  water  containing  atmospheric  iii 
may  descend  from  the  surface  of  the  earth  to  the  volcanic  foci,  sal 
that  the  same  process  of  combustion  by  which  water  is  decompow^ 
may  deprive  such  subterranean  air  of  its  oxygen.  In  this  tnaaMf 
he  explains  the  great  quantities  of  nitrogen  evolved  from  voleuk 
vents  and  thermal  waters,  and  the  fact  that  air  disengaged  froii  Al 
earth  in  volcanic  regions  is  either  wholly  or  in  part  deprived  rfii 
* 
vy.  in  hia  mi>moir  on  the  "  Phcn.iii.:ii:i  ..f  Vul.-.,n.-i.' 
;  there  was  every  reason  lu  suppose  in  Vesuvmt  i» 
a  descending  current  of  air;  and  he  imagined  that  sob- 
ities  which  threw  out  large  volumes  of  steam  donngthi 
eruption,  might  afterwards,  in  the  quiet  state  of  the  volcano,  beeoBa 
filled  with  atmospheric  air.§  The  presence  of  ammoniacal  sab*  ia 
volcanic  emaQBtions,  and  of  ammonia  (which  is  in  part  compoMdf' 


f  Quoit.    Joum.    of   Science,   1S23, 
p.  132.  note  bj  etooi. 
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nitrogen)  in  lava,  favours  greatly  the  notion  of  air  as  well  as  water 
being  deoxidated  in  the  interior  of  the  earth.* 

It  has  been  alleged  by  Professor  Bischoff  that  the  slight  specific 
gravity  of  the  metals  of  the  alkalies  is  fatal  to  Davy's  hypothesis, 
for  if  the  mean  density  of  the  earth,  as  determined  by  astronomers, 
surpass  that  of  all  kinds  of  rocks,  these  metals  cannot  exist,  at  least 
not  in  great  quantities  in  the  interior  of  the  earth,  f  But  Dr. 
Daubeny  has  shown,  that  if  we  take  the  united  specific  gravity  of 
potassium,  sodium,  silicon,  iron,  and  all  the  materials  which,  when 
united  with  oxygen,  constitute  ordinary  lava,  and  then  compare  their 
weight  with  lava  of  equal  bulk,  the  difference  is  not  very  material, 
the  specific  gravity  of  the  lava  only  exceeding  by  about  one  fourth 
that  of  the  unoxidized  metals.  Besides^  at  great  depths^  the  metallic 
bases  of  the  earths  and  alkalies  may  very  probably  be  rendered 
heavier  by  pressure4  Nor  is  it  fair  to  embarrass  the  chemical  theory 
of  volcanos,  with  a  doctrine  so  purely  gratuitous,  as  that  which  sup* 
poses  the  entire  nucleus  of  the  planet  to  have  been  at  first  composed 
of  unoxidated  metals. 

Professor  Bunsen  of  Marburg,  after  analysing  the  gases  which 
escape  from  the  volcanic  fumeroles  and  solfataras  of  Iceland,  and 
after  calculating  the  quantity  of  hydrogen  evolved  between  two 
eruptions,  afiirms  in  contradiction  of  opinions  previously  entertained, 
that  the  hydrogen  bears  a  perfect  relation  in  quantity  to  the  mag- 
nitude of  the  streams  of  lava,  assuming  the  fusion  of  these  last  to  have 
been  the  result  of  the  heat  evolved  during  the  oxidation  of  alkaline  and 
earthy  metals,  and  this  to  have  been  brought  about  by  the  decompo- 
sition of  water.  Yet  after  having  thus  succeeded  in  removing  the 
principal  objection  once  so  triumphantly  urged  against  Davy's 
hypothesis,  Bunsen  concludes  by  declaring  that  the  hydrogen  evolve^ 
in  volcanic  regions  cannot  have  been  generated  by  the  decomposition 
of  water  coming  in  contact  with  alkaline  and  earthy  metallic  bases. 
For,  says  the  professor,  this  process  presupposes  the  prevalence  of  a 
temperature  in  which  carbonic  acid  cannot  exist  in  contact  with 
hydrogen  without  suflering  a  partial  reduction  to  carbonic  oxide ; 
**and  not  a  trace  of  carbonic  oxide  is  ever  found  in  volcanic  ex- 
halations." §  At  the  same  time  it  will  be  seen,  by  consulting  the 
able  memoirs  of  the  Marburg  chemist,  that  he  supposes  many  energetic 
kinds  of  chemical  action  to  be  continually  going  on  in  the  intenor  of 
the  earth,  capable  of  causing  the  disengagement  of  hydrogen ;  and 
there  can  be  no  doubt  that  this  gas  may  be  a  source  of  innumerable 
new  changes,  capable  of  producing  the  local  development  of  internal 
heat. 

Cause  of  volcanic  eruptions.  —  The  most  probable  causes  of  a 
volcanic  outburst  at  the  surface  have  been  in  a  great  degree  anti- 
cipated in  the  preceding  speculations  on  the  liquefaction  of  rocks 

•  See    Daubeny,     Encyc.     Metrop.     Jam.  Ed,  New  PhiL  Joum.    No.   lii 
Part  40.  p.  291. ;  and  note  in  No.  liiL  p.  158. 

t  Jam.  Ed.  New  Phil.  Joom.  No.  li.        §  Poggend.    Ann.    1851,  translated, 
p.  31.  ScL  Hem.  1852. 

I  See  Daabenj's  Reply  to  Bischoff, 
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nn<l  the  generation  of  gases.  When  a  minute  hole  is  bored  In  %  Mc 
filled  with  gas  condensed  into  a  IJiuid,  the  n-hole  beconi«9  inituilf 
niiriforni,  or,  aa  some  wriiera  have  expressed  it,  "  flaahea  laa 
vapour,"  and  often  bursts  tlie  tube.  Such  an  ^xperinient  tuj 
r&present  the  mode  in  which  gaseous  matter  may  rush  ilinrafk 
a  rent  in  the  rocks,  and  continue  to  escape  for  days  or  weeks  [broo^ 
a  bhirII  orifice,  with  an  explosive  power  sufficient  to  reduce  eicrj 
subalanco  which  opposes  its  passage  into  small  fmi'menta  or  ttta 
dust,  Lara  may  be  propelled  upwards  at  the  some  time,  and  «je<«4 
in  the  form  of  scoriic.  In  some  places,  where  the  fluid  lav*  li»i« 
the  bottom  of  a  deep  fissure,  communicatiog  on  tba  one  band  wiA 
the  surface,  and  on  the  other  with  a  cavern  in  which  a  consideraU* 
body  of  vapour  baa  heen  formed,  there  may  be  an  efflux  of  Ian, 
followed  by  the  escape  of  gas.  Eruptions  often  commence  and  ttat 
with  the  discbarge  of  vapour  ;  and,  when  this  is  the  case.  lh«  Mil 
outburst  may  be  expected  to  take  place  by  the  nudo  vent,  for  lis 
concluding  evolution  of  elastic  fluids  will  keep  opL>D  the  duct,  aaj 
leave  it  unobstructed. 

The  breaking  out  of  lava  from  the  side  or  baso  of  a  lofty  rao& 
rather  tlian  from  the  summit,  may  be  attributed  to  the  hydrotUi^ 
pressure  to  which  the  flanks  of  the  mountain  are  exposed,  whra  ib* 
column  of  lava  has  risen  to  a  great  lieight.  Or  if,  before  it  bw 
reached  the  top,  there  should  happen  to  be  any  stoppage  in  the  nitis 
duct,  the  upward  pressure  of  the  ascending  column  of  gas  and  law 
may  burst  a  lateral  opening. 

In  the  case  however  of  Slount  Loa,  in  the  Sandwich  Islands,  ihw* 
appears  to  bo  a  singular  want  of  connexion  or  sympathy  betwMS 
Ihe  eruptions  of  the  central  and  the  grpat  lateral  vent.  The  grtai 
volcanic  cone  alluded  to  rises  to  the  height  of  13,760  feet  above  tba 
level  of  the  sea,  having  a  crater  at  its  summit,  from  which  powerful 
streams  of  lava  have  flowed  in  recent  times,  and  having  another  still 
larger  crater,  called  Kilauea,  on  its  south-eastern  slope,  about  4OO0  Sttt 
above  the  sea.  This  lateral  cavity  resembles  a  huge  quarry  ent  ia 
the  mountain's  side,  being  about  1000  feet  deep  when  in  its  ordinaiy 
state.  It  is  seven  miles  and  a  half  in  circuit,  and  scattered  over  iti 
bottom,  at  different  levels,  are  lakes  and  pools  of  lava,  always  in  a 
state  of  ebullition.  The  liquid  in  one  of  these  will  sometimes  siak 
100  or  150  feel,  while  it  is  overflowing  in  another  at  a  higher  elera- 
tion,  there  being,  it  should  seem,  no  communication  between  thtn. 
In  like  manner,  lava  overflows  in  the  summit  crater  of  Moant  Loa. 
nearly  14,000  feet  high,  while  the  great  lateral  cauldron  just  aUoM 
to  (of  Kilauea)  continues  as  tranquil  as  usual,  affording  no  relief  I* 
any  part  of  the  gases  or  melted  matter  which  are  forcing  their  way 
upwards  in  the  centre  of  the  mountain.  "How,"  asks  Mr.  Daita,'if 
there  were  any  subterranean  channel  connecting  the  two  great  wot* 
could  this  wont  of  sympathy  exist?  How,  according  to  the  laws  «f 
hydrostatic  pressure,  can  a  column  of  fluid  stand  lO^OOO  feet  bigkt 
in  one  leg  of  the  syphon  than  in  the  other?"  The  emptioaa,  ke 
observes,  are  cot  ^to:£'j«m%l\  oa  tbe  contraiy,  the  Uva  tiaes  ikuvlr 
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and  gradually  to  the  summit  of  the  lofty  cone,  and  then  escapes  there 
without  any  commotion  manifesting  itself  in  Kilauea,  a  gulf  always 
open  on  the  flanks  of  the  same  mountain.  One  conclusion,  he  says, 
is  certain,  namely,  that  volcanos  are  no  safety  valves  as  they  have 
been  called ;  for  here  two  independent  and  apparently  isolated  centres 
of  volcanic  activity,  only  sixteen  miles  distant  from  each  other,  are 
sustained  in  one  and  the  same  cone.* 

Without  pretending  to  solve  this  enigma,  I  cannot  refrain  from 
remarking,  that  the  supposed  independence  of  several  orifices  of 
eruption  in  one  crater  like  Kilauea,  when  adduced  in  confirmation  of 
the  doctrine  of  two  distinct  sources  of  volcanic  action  underneath  one 
mountaHi,  proves  too  much.  No  one  can  doubt,  that  the  pools  of  lava 
in  Kilauea  have  been  derived  from  some  common  reservoir,  and  have 
resulted  from  a  combination  of  causes  commonly  called  volcanic, 
which  are  at  work  in  the  interior  at  some  unknown  distance  below. 
These  causes  have  given  rise  in  Mount  Loa  to  eruptions  from  many 
points,  but  principally  from  one  centre,  so  that  a  vast  dome  of  ejected 
matter  has  been  piled  up.  The  subsidiary  crater  has  evidently  never 
given  much  relief  to  the  imprisoned,  heated,  and  liquefied  matter, 
for  Kilauea  does  not  form  a  lateral  protuberance  interfering  with 
the  general  shape  or  uniform  outline  of  Mount  Loa. 

Geysers  of  Iceland.  —  As  aqueous  vapour  constitutes  the  most 
abundant  of  the  aeriform  products  of  volcanos  in  eruption,  it  may  be 
well  to  consider  attentively  a  case  in  which  steam  is  exclusively  the 
moving  power  —  that  of  the  Geysers  of  Iceland.  These  intermittent 
hot  springs  occur  in  a  district  situated  in  the  south-western  division 
of  Iceland,  where  nearly  one  hundred  of  them  are  said  to  break  out 
within  a  circle  of  two  miles.  That  the  water  is  of  atmospheric  origin 
derived  from  rain  and  melted  snow  is  proved,  says  Professor  Bunsen,  by 
the  nitrogen  which  rises  from  them  either  pore  or  mixed  with  other 
gases.  The  springs  rise  through  a  thick  current  of  lava,  which  may 
perhaps  have  flowed  from  Mount  Hecla,  the  summit  of  that  volcano 
being  seen  from  the  spot  at  the  distance  of  more  than  thirty  miles. 
In  this  district  the  rushing  of  water  is  sometimes  heard  in  chasms  be- 
neath the  surface ;  for  here,  as  on  Etna,  rivers  flow  in  subterranean 
channels  through  the  porous  and  cavernous  lavas.  It  has  more  than 
once  happened,  after  earthquakes,  that  some  of  the  boiling  fountains 
have  increased  or  diminished  in  violence  and  volume,  or  entirely 
ceased,  or  that  new  ones  have  made  their  appearance  —  changes 
which  may  be  explained  by  the  opening  of  new  rents  and  the  closing 
of  pre-existing  fissures. 

Few  of  the  Geysers  play  longer  than  five  or  six  minutes  at  a 
time,  although  sometimes  half  an  hour.  The  intervals  between  their 
eruptions  are  for  the  most  part  very  irregular.  The  Great  Geyser 
rises  out  of  a  spacious  basin  at  the  summit  of  a  circular  mound 
composed  of  siliceous  incrustations  deposited  from  the  spray  of  it^ 
waters.     The  diameter  of  this  basin,  in  one  direction,  is  fifty-six 

*  Proceed.  Amerio.  Aseoc  1849. 
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feet,  and  forty-six  in  another.  (See  fig.  Si.)  In  ibe  centre  il  t 
pipe  Be venty -eight  feet  in  perpcnilicular  deptli,  &nd  fron  cjfbt  » 
ten  feet  in  diameter,  but  gradually  widi'uing,  as  it  risra  mto  lb 
buain.  The  inside  of  the  ba«ia  is  whitish,  cunsidting  of  a  uliotsM 
cruet,  and  perfectly  smooth,  as  are  likewise  two  sinnll  cIiatiuEl*  m 
the  sidt»  of  the  mound,  donn  which  the  water  escnp«a  wbco  1^ 
bowl  is  fillet!  to  the  margin.  The  circular  basin  la  aomctiiwai  tmptj, 
ss  represented  in  the  following  sketch  i  but  is  usunlly  fllM  milk 
beautifully  transparent  water  in  a  state  of  ebullition.  Dnriaf 
the  rise  of  the  boiling  water  in  tha  pipe,  ospeeially  whvo  the  elni- 
lition  is  most  violent,  and  when  the  wal«r  is  thrown  up  in  Jeu. 
subterranean  noises  are  heard,  [ike  the  diiilant  firing  of  canoao,  mi 
the  earth  is  slightly  shaken.  The  sound  then  iucrcnsea  and  ck 
motion  becomes  more  violent,  till  at  length  a  colama  of  water  is  thivn 
up,  with  loud  exphisions,  to  the  height  of  one  or  two  bundrvd  ft* 
After  playing  for  a  time  like  an  artificial  fountaiti,  uid  gifios  of 


great  clouds  of  vapour,  the  pipe  or  tube  is  emptied  ;  and  a  column  of 
steam,  rushing  up  with  amazing  force  and  a  thundering  noise,  tenni- 
nates  the  eruption. 

If  stones  are  thrown  into  the  crater,  they  are  instantly  ejectrf; 
and  such  is  the  explosive  force,  that  very  hard  rocks  are  sometinw 
shivered  by  it  into  small  pieces.  Henderson  found  that  by  throwing 
a  great  quantity  of  large  stones  into  the  pipe  of  Strockr,  one  of  lbs 
Geysers,  he  could  bring  on  an  eruption  in  a  few  minutes-t  Tin 
fragments  of  stone,  as  well  as  the  boiling  water,  were  thrown  in  thai 
case  to  a  much  greater  height  than  usual.  After  the  water  h*l 
been  ejected,  a  column  of  steam  continued  to  rush  up  with  a  deafen- 
ing roar  for  nearly  an  hour ;  but  the  Geyser,  as  if  exhausted  by  thii 

*  Rcdorcd   from  a  sketch  given   bj        i  Joonial  of  a  Bfiidtiia  in  ThIibI. 
Sir  W,  J.  Hooker,  ia  tos  t<wn  ia  be-    p.  74. 
hmd,  ToL  i.  p.  149. 
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effort,  did  not  send  out  a  fresh  eruption  when  its  usual  interval  of 
reat  had  elapsed.  The  account  given  by  Sir  Gieorge  Mackenzie  of  a 
Geyser  which  he  saw  in  eruption  in  1810  (see  fig.  93.),  agrees  per- 
fectly  with  the.ahove  description  by  Henderson.  The  steam  and  water 
rose  for  half  an  hour  to  the  height  of  70  feet,  and  the  white  column 
remained  perpendicular  notwithstanding  a  brisk  gale  of  wind  which 
was  blowing  against  it.  Stones  thrown  into  the  pipe  were  projected 
to  a  greater  height  thou  the  water.  To  leeward  of  the  vapour  a  heavy 
shower  of  rain  was  seen  to  fall." 

Ftg-M. 


Among  the  different  theories  proposed  to  account  for  these 
phenomena,  I  slialL  first  mention  one  suggested  by  Sir  J.  Herschel. 
An  imitation  of  these  jets,  he  aajs,  may  be  produced  on  a  small 
scale,  by  heating  red  hot  the  stem  of  a  tobacco  pipe,  filling  the  bowL 
with  water,  and  so  inclining  the  pipe  as  to  let  the  water  run  through 
the  stem.  Its  escape,  instead  of  taking  place  in  a  continued  stream, 
is  then  performed  by  a  succession  of  violent  explosions,  at  first  of 
steam  alone,  then  of  water  mixed  with  steam ;  and,  as  the  pipe 
cools,  almost  nrholly  of  water.  At  every  such  paroxysmal  escape 
of  the  water,  a  portion  is  driven  back,  accompanied  with  steam,  into 
the  bowl.  The  intervab  between  the  explosions  depend  on  the  heat, 
length,  and  inclination  of  the  pipe;  their  continuance,  on  its  thickness 
and  conducting  power.f  The  application  of  this  experimea^  Vi  4v& 
*  Mackenzio'i  Iceland.        f  US.  rend  toGed.  Socot  Iijad!oa,'Edt.^A«aS. 
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G«f  scrs  merely  requires  that  a  subterranean  atream,  flowing  tbrwifi 
the  pores  and  crevices  of  Uva,  should  suddenly  reach  a  fiiumrt,  '■ 
which  the  rock  is  i-ed  hot  or  nearly  so.  Steam  would  imi 
be  formed,  which,  ruahing  up  the  fissure,  might  force  vp  water 
with  it  to  the  surface,  wliile,  at  the  same  time,  part  of  lh«  m^ 
night  drive  bacic  the  water  of  the  supply  for  a  cemun  diflaas 
towards  its  source.  And  when,  aftu*  the  space  of  some  minutes,  tk 
Bteam  was  all  condensed,  the  water  would  return,  and  k  rciteiitioa  tt 
the  phenomena  take  pkee. 

There  is,  however,  another  mode  of  explaining  the  nctioa  of  lb 
Oeyser,  perhaps  more  probable  than  that  above  described.  Sommm 
water  percolating  from  the  surface  of  the  earth  to  penetrate  idio  tk 
subterranean  cavity  A  D  ^fig.  96.)  by  the  fissures  F  F,  white,  it  tk 


7 


same  time,  steam  at  an  extremely  high  temperature,  such  as  is  eon- 
monly  given  out  from  the  reuts  of  lava  currents  during  congelatkn. 
emanates  from  the  fissures  C.  A  portion  of  the  steam  is  at  fiiM 
condensed  into  water,  while  the  temperature  of  the  water  is  nisei 
by  the  latent  heat  thus  evolved,  till,  at  last,  the  lower  part  of  tb 
cavity  is  filled  with  boiling  water  and  the  upper  with  Bte*m  note 
high  pressure.  The  expansive  force  of  the  steam  becomes,  at  kn^^ 
so  great,  that  the  water  is  forced  up  the  fissure  or  pipe  E  B,  and  t«M 
over  the  rim  of  the  basin.  When  the  pressure  is  thus  dini'"'*^^^ 
the  steam  in  the  upper  part  of  the  cavity  A  expands,  until  all  ^ 
water  D  is  driven  inUi  the  pipe ;  and  when  this  happens^  the  stsM^ 
being  the  lighter  of  the  two  fluids,  rushes  up  throngh  the  water  inA 

*  'Enm  Siu  Qeor^  Hackentie^  Icakad. 
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great  velocity.  If  the  pipe  be  choked  up  artificiallj,  even  for  a  few 
minutes,  a  great  increase  of  heat  must  take  place  ;  for  it  is  prevented 
from  escaping  in  a  latent  form  in  steam ;  so  that  the  water  is  made 
to  boil  more  violently,  and  this  brings  on  an  eruption. 

Professor  Bunsen,  before  cited,  adopts  this  theory  to  account  for  the 
play  of  the  "  Little  Geyser,"  but  says  it  will  not  explain  the  phenomena 
of  the  Great  one.  He  considers  this,  like  the  others,  to  be  a  thermal 
spring,  having  a  narrow  funnel-shaped  tube  in  the  upper  part  of  its 
course,  where  the  walls  of  the  channel  have  become  coated  over  with 
siliceous  incrustations.  At  the  mouth  of  this  tube  the  water  has  a 
temperature,  corresponding  to  the  pressure  of  the  atmosphere,  of  about 
212°  Fahr.,  but  at  a  certain  depth  below  it  is  much  hotter.  This  the 
professor  succeeded  in  proving  by  experiment ;  a  thermometer  sus- 
pended by  a  string  in  the  pipe  rising  to  266°  Fahr.,  or  no  less  than 
48  degrees  above  the  boiling  point.  After  the  column  of  water  has 
been  expelled,  what  remains  in  the  basin  and  pipe  is  found  to  be 
much  cooled. 

Previously  to  these  experiments  of  Bunsen  and  Descloizeaux  made 
in  Iceland  in  1846,  it  would  scarcely  have  been  supposed  possible  that 
the  lower  part  of  a  free  and  open  column  of  water  could  be  raised  so 
much  in  temperature  without  causing  a  circulation  of  ascending  and 
descending  currents,  followed  by  an  almost  immediate  equalization  of 
heat.  Such  circulation  is  no  doubt  impeded  greatly  by  the  sides  of  the 
well  not  being  vertical,  and  by  numerous  contractions  of  its  diameter, 
but  the  phenomenon  may  be  chiefly  due  to  another  cause.  *  Accord- 
ing to  recent  experiments  on  the  cohesion  of  liquids  by  Mr.  Donny 
of  Ghent,  it  appears  that  when  water  is  freed  from  all  admixture  of 
air,  its  temperature  can  be  raised,  even  under  ordinary  atmospheric 
pressure,  to  275°  Fahr.,  so  much  does  the  cohesion  of  its  molecules 
increase*  when  they  are  not  separated  by  particles  of  air.  As  water 
long  boiled  becomes  more  and  more  deprived  of  air,  it  is  probably 
very  free  from  such  intermixture  at  the  bottom  of  the  Geysers. 

Among  other  results  of  the  experiments  of  Bunsen  and  his  com- 
panion, they  convinced  themselves  that  the  column  of  fluid  filling  the 
tube  is  constantly  receiving  accessions  of  hot  water  from  below,  while 
it  becomes  cooler  above  by  evaporation  on  the  broad  surface  of  the 
basin.  They  also  came  to  a  conclusion  of  no  small  interest,  as  bearing 
on  the  probable  mechanism  of  ordinary  volcanic  eruptions,  namely 
that  the  tube  itself  is  the  main  seat  or  focus  of  mechanical  force. 
This  was  proved  by  letting  down  stones  suspended  by  strings  to 
various  depths.  Those  which  were  sunk  to  considerable  distances 
fi^^  the  surface  were  not  cast  up  again,  whereas  those  nearer  the  mouth 
of  the  tube  were  ejected  to  great  heights.  Other  experiments  also 
were  made  tending  to  demonstrate  the  singular  fact,  that  there  is  often 
scarce  any  motion  below,  when  a  violent  rush  of  steam  and  water  is 
taking  place  above.  It  seems  that  when  a  lofty  column  of  water 
possesses  a  temperature  increasing  with  the  depth,  any  slight  ebul- 

*  See  Mr.  Homer's  Annirersarj  Address,  Quart.  Jonm.  GeoL  Soc.  lS47^\m. 
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lition  or  disturbance  of  equilibrium  in  the  upper  i>ortion  nuj"  fcs 
force  up  water  into  the  bRsin,  and  tben  cause  it  to  flow  over  the  ei». 
A  lower  portion,  thus  suddenly  relievedor  part  ofitEpreseurc,  cxpuA 
and  is  converted  into  vapour  more  rapidly  than  the  first,  owin£  Mitt 
gTcnter  beat.  This  allows  the  next  subjacent  stratum,  which  isnwi 
hotter,  to  rise  and  flash  inlo  a  gaseoua  Form  ;  and  this  proceia  E""*" 
till  the  ebullition  has  descended  from  the  middle  to  near  tb«  boUM 
of  the  funnel." 

In  speculating,  therefore,  on  the  mechanism  of  an  onlinirj-  rutoaie 
eruption,  we  ma^  suppose  that  large  subterranean  eaviiies  cxi«t  at  tkt 
depth  of  some  miles  below  the  surface  of  the  earth,  in  which  rndttl 
lava  accumulates ;  and  when  water  containing  the  usual  raixtureof  lir 
penetrates  into  these,  the  steam  thus  generated  mny  pre«a  apon  tU 
lava  and  force  it  up  the  duct  of  a  volcano,  in  the  same  manner  »•  i 
column  of  water  is  driven  up  the  pipe  of  a  Geyser.  In  other  OM 
we  may  suppose  a  continuous  column  of  liquid  lava  mixed  with  •W 
hoi  urattr,  (for  water  may  exist  in  that  stale,  as  rrofvMor  BinM 
reminds  ui,  under  pressure,)  and  this  column  may  have  a  lempcnm 
regularly  increasing  downwards.  A  disturbance  of  equilibrium  mj 
first  bring  on  an  eruption  near  the  snrfnee,  by  the  expansion  and  am- 
version  into  gas  of  entangled  water  and  otiier  const!  tiinits  of  what  m 

would  then  be  liberated,  carrying  up  with  it  jels  of  melted  rock,  whieh 
being  hurled  up  into  Ihe  air  may  fall  in  showers  of  ashes  on  tta 
surrounding  country,  and  at  length,  by  the  arrival  of  lava  and  wilet 
more  and  more  heated  at  the  orifice  of  the  duct  or  the  crater  of  the  r^ 
cano,  expansive  power  may  he  acquired  sufficient  to  expel  a  ma^irc 
current  of  lava.  After  the  eruption  has  ceased,  a  period  of  tranquillilj 
succeeds,  during  which  fresh  accessions  of  heat  are  communicated  fiflO 
below,  and  ndilitional  masses  of  rock  fused  by  degrees,  while  at  ibe 
same  time  atmospheric  or  sea  water  is  descending  from  the  surfiw. 
At  length  the  conditions  required  for  a  new  outburst  are  oblaiDe<l 
and  another  cycle  of  similar  changes  is  renewed. 

Causes  of  earthquakes  —  wave-like  motion. — I  shall  now  proceed 
to  examine  the  manner  in  which  the  heat  of  the  interior  may  give 
rise  to  earlhquakes.  One  of  the  most  common  phenomena  atleodiag 
sublerrnnean  movements,  is  the  undulatory  motion  of  the  ground. 
And  this,  says  Michell,  wilt  seem  less  extraordinary,  if  we  call  to 
mind  tlie  extreme  elasticity  of  the  earth  and  the  compressibility  of  evn 
the  most  solid  materials.  Imi^e  districls,  he  suggests,  may  rest  on 
fluid  lava ;  and,  when  this  is  disturbed,  its  motions  mny  be  propagated 
through  tift  incumbent  rocks.  He  also  adds  the  following  ingen)^ 
speculation:  —  "As  a  small  quantity  of  vapour  almost  instantly 
generated  at  some  considerable  depth  below  the  surface  of  the  earlh 
will  produce  a  vibratory  motion,  so  a  very  loi^  quantity  (wbetlMr 
\t  be  generated  almost  instantly,  or  in  any  small  portion  of  time)  will 
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produce  a  wave-like  motion.  The  manner  in  which  this  wave-like 
motion  will  be  propagated  may,  in  some  measure,  be  represented  by 
the  following  experiment: — Suppose  a  large  cloth,  or  carpet  (spread 
apon  a  floor),  to  be  raised  at  one  edge,  and  then  suddenly  brought 
down  again  to  the  floor ;  the  air  under  it,  being  by  this  means  pro- 
pelled, will  pass  along  till  it  escapes  at  the  opposite  side,  raising  the 
cloth  in  a  wave  all  the  way  as  it  goes.  In  like  manner,  a  large 
(quantity  of  vapour  may  be  conceived  to  raise  the  earth  in  a  wave,  as 
it  passes  along  between  the  strata,  which  it  may  easily  separate  in  a 
horizontal  direction,  there  being  little  or  no  cohesion  between  one 
stratum  and  another.  The  part  of  the  earth  that  is  iirst  raised  being 
bent  from  its  natural  form,  will  endeavour  to  restore  itself  by  its 
elasticity ;  and  the  parts  next  to  it  being  to  have  their  weight  sup- 
ported by  the  vapour,  which  will  insinuate  itself  under  them,  will  be 
raised  in  their  turn,  till  it  either  finds  some  vent,  or  is  again  con- 
densed by  the  cold  into  water,  and  by  that  means  prevented  from 
proceeding  any  farther."*  In  a  memoir  published  in  1843,  on  the 
structure  of  the  Appalachian  chain,  by  the  Professors  Rogers  f,  the 
following  hypothesis  is  proposed  as  '^  simpler  and  more  in  accord- 
ance with  dynamical  considerations,  and  the  recorded  observations  on 
earthquakes." — "In  place,"  say  they,  "of  supposing  it  possible  for  a 
body  of  vapour  or  gaseous  matter  to  pass  horizontally  between  the 
strata,  or  even  between  the  crust  and  the  fluid  lava  upon  which  it 
floats,  and  with  which  it  must  be  closely  entangled,  we  are  inclined 
to  attribute  the  movement  to  an  actual  pulsation^  engendered  in  the 
molten  matter  itself^  by  a  linear  disruption  under  enormous  tension, 
giving  vent  explosively  to  elastic  vapours,  escaping  either  to  the 
surface,  or  into  cavernous  spaces  beneath.  According  to  this  sup- 
position, the  movement  of  the  subterranean  vapours  would  be  towards^ 
and  not  from,  the  disrupted  belt,  and  the  oscillation  of  the  crust  would 
originate  in  the  tremendous  and  sudden  disturbance  of  the  previous 
pressure  on  the  surface  of  the  lava  mass  below,  brouglit  about  by  the 
instantaneous  and  violent  rending  of  the  overlying  strata." 

This  theory  requires  us  to  admit  that  the  crust  of  the  earth  is 
80  flexible,  that  it  can  assume  the  form  and  follow  the  motion  of 
an  undulation  in  the  fluid  below.  Even  if  we  grant  this,  says  Mr. 
Mallet,  another  more  serious  objection  presents  itself,  viz.  the  great 
velocity  attributed  to  the  transit  of  the  wave  in  the  subterranean  sea 
of  lava.  We  are  called  upon  to  admit  that  the  speed  of  the  wave 
below  equals  that  of  the  true  earthquake  shock  at  the  surface,  which 
is  so  immense,  that  it  is  not  inferior  to  the  velocity  of  sound  in  the 
sanie  solids.  But  the  undulation  in  the  fluid  below  must  follow  the 
laws  of  a  tidal  wave,  or  of  the  great  sea-wave  already  spoken  of.  "  Its 
velocity,  like  that  of  the  tidal  wave  of  our  seas,  will  be  a  function  of 
its  length  and  of  the  depth  of  the  fluid,  diminished  in  this  case  by 
certain  considerations  as  to  the  density  and  degree  of  viscidity  of 

*  On  the  Cause  and  Phenomena  of       f  Trans,  of  Assoc  of  American  GeoL 
Earthquakes,  FhiL  Trans,  vol  11  sect  58.     1840^1842,  p.  520. 
1760. 
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the  liquid ;  and.  altliougli  it  would  be  at  present  imposeible,  foi  wtt. 
of  data,  to  calculate  tLe  exact  Telocity  with  which  this  aubtemnHB 
lavR-nave  could  move,  it  may  be  certainty  afiirmfiii  that  JU  t< 
would  be  immeasurably  short  of  the  observed  or  theorelic  vtioatjd' 
the  great  earth-wave,  or  true  ahock,  in  earthquakes."  ■ 

i.iguid  ffatet, — The  rending  and  upheaving  of  coatinental  mi 
&re  operations  which  are  not  difficult  to  explain,  when  we  are  a 
convinced  that  heat,  of  sufficient  power,  not  only  to  melt  but 
reduce  to  a  gaseous  form  a  great  variety  of  eubstances,  is  accumokkl 
in  certain  parta  of  the  interior.  We  »ee  that  clastic  fluiib  M 
capable  of  projecting  solid  masses  to  immense  heights  in  the  lin 
and  the  volcano  of  Cotopaxi  has  been  known  to  throw  out, 
distance  of  eight  or  nine  miles,  a  mass  of  rock  about  ooe  hondRi 
cubic  yards  in  volume.  When  we  observe  these  Berifonn  fli" 
rushing  out  from  particular  vents  for  monthti,  or  even  years,  e 
tinuously,  what  power  may  we  not  expect  them  to  exert  in  oti 
places,  where  they  happen  to  be  confined  under  an  enormous  misM 
of  rock? 

The  experiments  of  Faraday  and  others  have  shown,  wElfain  lli 
last  twelve  years,  that  many  of  the  gases,  including  all  tkoM  vUct 
are  mo^t  copiously  disengaged  from  volcanic  vents,  lu  ihe  ca) 
sulphurous,  and  muriatic  acids,  may  be  condensesl  into  lioiji-]»bf^ 
pressure.  At  temperatures  of  from  30°  to  50°  F.,  the  prenun 
required  for  this  purpose  varies  from  fifteen  to  fifty  atmospben<; 
and  this  amount  of  pressure  we  may  regard  aa  very  insignificant  ii 
the  operations  of  nature.  A  column  of  Vesuvian  lava  that  wooH 
reach  from  the  lip  of  the  crater  to  the  level  of  the  sea,  must  be  eqsd 
to  about  three  hundred  atmospheres  ;  so  that,  at  depths  which  tniy 
be  termed  moderate  in  the  interior  of  the  crust  of  the  earth,  tht 
gases  may  be  condensed  into  liquids,  even  at  very  high  tempentnits- 
The  method  employed  to  reduce  some  of  these  gases  to  a  liqoid  stats 
is,  to  confine  the  materials,  from  the  mutual  action  of  which  they  an 
evolved,  in  tubes  hermetically  sealed,  so  that  the  accumulated  pRssnrt 
of  the  vapour,  as  it  rises  and  expands,  may  force  some  part  of  it  to 
assume  the  liquid  state.  A  similar  process  may,  and  indeed  aoA 
frequently  take  place  in  subterranean  caverns  and  fissures,  or  eva  ii 
the  pores  and  cells  of  many  rocks  ;  by  which  means,  a  rou<A  gretttt 
store  of  expansive  power  may  be  packed  into  a  small  space  thaa 
could  happen  if  these  vapours  had  not  the  property  of  becoanif 
liquid.  For,  although  the  gas  oc(;upies  much  tesa  room  in  ■  EqiM 
state,  yet  it  exerts  exactly  the  same  pressure  upon  the  ndes  of  the 
containing  cavity  as  if  it  remained  in  the  form  of  vapour. 

If  a  tube,  whether  of  glass  or  other  materials,  filled  with  enodused 
gas,  have  its  temperature  slightly  raised,  it  will  oUcn  burst ;  for  * 
flight  increment  of  heat  causes  the  elasticity  of  the  gas  to  increase  te 
a  very  high  ratio.  We  have  only  to  suppose  certain  rocks,  penneatid 
by  these  liquid  gases  (as  porous  strata  are  Bometimes  filled  viik 

•  M■lUc^  p.  39. 
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"water),  to  have  their  temperatare  raised  some  hundred  degrees,  and 
ure  obtain  a  power  capable  of  lifting  superincumbent  masses  of  almost 
any  conceivable  thickness ;  while,  if  the  depth  at  which  the  gas  la 
confined  be  great,  there  is  no  reason  to  suppose  that  any  other 
appearances  would  be  witnessed  by  the  inhabitants  of  the  surface 
than  vibratory  movements  and  rents^  from  which  no  vapour  might 
escape.  In  making  their  way  through  fissures  a  very  few  miles  only 
in  length,  or  in  forcing  a  passage  through  soft  yielding  strata,  the 
vapours  may  be  cooled  and  absorbed  by  water.  For  water  has  a 
strong  affinity  to  several  of  the  gases,  and  will  absorb  large  quanti- 
ties, with  a  very  slight  increase  of  volume.  In  this  manner,  the  heat 
or  the  volume  of  springs  may  be  augmented,  and  their  mineral  pro- 
perties made  to  vary. 

Connexion  between  the  state  of  the  atmosphere  and  earthquakes,  "-^ 
The  inhabitants  of  Stromboli,  who  are  mostly  fishermen,  are  said  to 
make  use  of  that  volcano  as  a  weather-glass,  the  eruptions  being 
comparatively  feeble  when  the  sky  is  serene,  but  increasing  in  tur- 
bulence during  tempestuous  weather,  so  that  in  winter  the  island 
often  seems  to  shake  from  its  foundations.  Mr.  P.  Scrope,  after  calling 
attention  to  these  and  other  analogous  facts,  first  started  the  idea  (as 
long  ago  as  the  year  1826)  that  the  diminished  pressure  of  the  atroo* 
sphere,  the  concomitant  of  stormy  weather,  may  modify  the  intensity 
of  the  volcanic  action.  He  suggests  that  where  liquid  lava  commu- 
nicates with  the  surface,  as  in  the  crater  of  Stromboli,  it  may  rise  or 
fall  in  the  vent  on  the  same  principle  as  mercury  in  a  barometer  • 
because  the  ebullition  or  expansive  power  of  the  steam  contained  in 
the  lava  would  be  checked  by  every  increase,  and  augmented  by  every 
diminution  of  weight.  In  like  manner,  if  a  bed  of  liquid  lava  be  con- 
fined at  an  immense  depth  below  the  surface,  its  expansive  force  may 
be  counteracted  partly  by  the  weight  of  the  incumbent  rocks,  and  also 
in  part  by  atmospheric  pressure  acting  contemporaneously  on  a  vast 
superficial  area.  In  that  case,  if  the  upheaving  force  increase  gradually 
in  energy,  it  will  at  length  be  restrained  by  only  the  slightest  degree 
of  superiority  in  the  antagonist  or  repressive  power,  and  then  the 
equilibrium  may  be  suddenly  destroyed  by  any  cause,  such  as  an 
ascending  draught  of  air,  which  is  capable  of  depressing  the  baro- 
meter. In  this  manner  we  may  account  for  the  remarkable  coin- 
cidence so  frequently  observed  between  the  state  of  the  weather  and 
subterranean  commotions,  although  it  must  be  admitted  that  earth- 
quakes and  volcanic  eruptions  re-act  in  their  turn  upon  the  atmo- 
sphere, so  that  disturbances  of  the  latter  are  generally  the  consequences 
rather  than  the  forerunners  of  volcanic  disturbances.  * 

From  an  elaborate  catalogue  of  the  earthquakes  experienced  in 
Europe  and  Syria  during  the  last  fifteen  centuries,  M.  Alexis  Perrey 
has  deduced  the  conclusion  that  the  number  which  happen  in  the 
winter  season  preponderates  over  thone  which  occur  in  any  one  of  the 
other  seasons  of  the  year,  there  being,  however,  some  exceptions  to 

*  Scrope  on  Tolcaoos,  ppb  5B*60« 
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this  rule,  fls  in  the  Pyrenees.  Cnrious  and  vatunble  as  an 
data,  M.  (I'Arcliiac  justly  remnrks,  in  tommenting  opon  tliem,  ttl 
they  are  not  as  yet  suflicieDtiy  extensive  or  accordnnt  in  dificnl 
regions,  to  eotille  us  to  deduce  nnj  general  concltuibiis  from  ' 
respecting  the  laws  of  subterranean  moTements  tbroughDDl 
globe. ' 

Permanent  elevation  and  rabtidence.  —  It  ia  ea^  to  eooeein 
the  shattered  rocka  may  assume  an  arehed  form  during  a  eoatnU^ 
so  that  the  country  above  may  remain  permanently  tiplwavM.  Il 
other  cases  gas  may  drive  before  it  masses  of  liquid  lair*,  which  wf 
thus  be  injected  into  newly  opened  fissures.  The  gaa  baring  iW 
obtained  more  room,  by  the  forcing  up  of  the  incumbent  rocia,  mj 
remain  atre^t;  while  the  lava  congealing  in  the  rents,  auyaStoJi 
solid  foundation  for  the  newly  raised  district. 

Experiments  have  recently  been  made  in  America,  by  CobaJ 
Totten,  to  ascertain  the  ratio  according  to  which  some  of  the  i 
commonly  used  la  architecture  expand  with  given  increments  of  I 
It  was  found  impossible,  in  a  country  where  the  annua]  v&rititloDflf 
temperature  was  more  than  90°  F.,  to  make  a  coping  of  stones^  h* 
feet  in  length,  in  which  the  joints  should  fit  so  tightly  as  not  la  adiA 
water  between  the  stone  and  the  cement ;  the  annual  i-ontractioa  mI 
expansion  of  the  stones  causing,  at  tlie  junctions,  sniull  crcvict*  Vit 
widih  of  which  varied  with  the  nature  of  the  rock.  It  was  ascerlaiiKJ 
that  fine-grained  granite  expanded  with  1°  F.  at  the  rate  rf 
•000004825 ;  while  crystalline  marble  -000005668  ;  and  red  stnt 
stone  -000009533,  or  about  twice  as  much  as  granite. 

Now,  according  to  this  law  of  expansion,  a  moss  of  sandstaa^i 
mile  in  thickness,  which  should  have  its  temperature  raised  200°  F, 
Vfould  lift  a  super-imposed  layer  of  rock  to  the  height  of  ten  f«l 
above  its  former  lerel.  But,  suppose  a.  part  of  the  earth's  crost,  W 
hundred  miles  in  thickness  and  eqanlly  expansive,  to  hare  il> 
temperature  raised  600°  or  800°,  this  might  produce  an  elevaiioo  d 
between  two  and  three  thousand  feet.  Tlie  cooling  of  the  same  m«a 
might  afterwards  cause  the  overlying  rocks  to  sink  down  again  W 
resume  their  original  position.  By  such  agency  we  might  ezplM 
the  gradual  rise  of  Scandinavia  or  the  subsidence  of  Greenlaad,  if 
this  last  phenomenon  should  also  be  established  as  a  fact  oq  iiuibv 
inquiry. 

It  is  also  possible  that  as  the  clay  in  "Wedgwood's  pynmeMr 
controcts,  by  giving  off  its  water,  and  then,  by  incipient  vitrificatioa; 
BO,  large  masses  of  argillaceous  strata  in  the  earth's  interior  b^ 
shrink,  when  suhjected  to  heat  and  chemical  changes,  and  allow  the 
incumbent  rocks  to  subside  gradually. 

Moreover,  if  we  suppose  that  lava  cooling  slowly  at  great  dcptb 
may  be  converted  into  various  granitic  rocks,  we  obtain  another  soam 
of  depression  ;  for,  according  to  the  ezperimenta  of  DeviUe  and  tW 

*  Anhiac,  HiaL  dea  Progrea  dc  la  p.  136.  He  applicatian  of  thcw  nak< 
04oL  1847,  ToL  i.  p;i.  605—610,  lo  tlie  theory  of  caitfaqnakM  «M  M 

I  fiillima.ii'«  Hmftnpjn  3ontn.^A.xim.    nngeiKd  to  me  by  Mr.  Babh^a. 
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calculations  of  Bischoff,  the  contraction  of  granite  when  passing  from 
a  melted  or  plastic  to  a  solid  and  crystalline  state  must  be  more  than 
ten  per  cent.*  The  sadden  subsidence  of  land  may  also  be  occa- 
Bioned  by  subterranean  caverns  giving  way,  when  gases  are  condensed, 
or  when  they  escape  through  newly-formed  crevices.  The  sub- 
traction, moreover,  of  matter  from  certain  parts  of  the  interior,  by 
the  flowing  of  lava  and  of  mineral  springs,  must,  in  the  course  of 
ages,  cause  vacuities  below,  so  that  the  undermined  surface  may  at 
length  fall  in. 

The  balance  of  dry  land,  how  preserved, — In  the  present  state  of 
our  knowledge,  we  cannot  pretend  to  estimate  the  average  number 
of  earthquakes  which  may  happen  in  the  course  of  a  single  year.  As 
the  area  of  the  ocean  is  nearly  three  times  that  of  the  land,  it  is 
probable  that  about  three  submarine  earthquakes  may  occur  for  one 
exclusively  continental ;  and  when  we  consider  the  great  frequency  of 
slight  movements  in  certain  districts,  we  can  hardly  suppose  that  a 
day,  if,  indeed,  an  hour,  ever  passes  without  one  or  more  shocks 
being  experienced  in  some  part  of  the  globe.  We  have  also  seen 
that  in  Sweden,  and  other  countries,  changes  in  the  relative  level  of 
0ea  and  land  may  take  place  without  commotion,  and  these  perhaps 
produce  the  most  important  geographical  and  geological  changes ;  for 
the  position  of  land  may  be  altered  to  a  greater  amount  by  an  ele- 
vation or  depression  of  one  inch  over  a  vast  area,  than  by  the  sinking 
of  a  more  limited  tract,  such  as  the  forest  of  Aripao,  to  the  depth  of 
many  fathoms  at  once.f 

It  must  be  evident,  from  the  historical  details  above  given,  that 
the  force  of  subterranean  movement,  whether  intermittent  or  con- 
tinuous, whether  with  or  without  disturbance,  does  not  operate  at 
random,  but  is  developed  in  certain  regions  only ;  and  although  the 
alterations  produced  during  the  time  required  for  the  occurrence  of  a 
few  volcanic  eruptions  may  be  inconsiderable,  we  can  hardly  doubt 
that,  during  the  ages  necessary  for  the  formation  of  large  volcanic 
cones,  composed  of  thousands  of  lava  currents,  shoals  might  be  con- 
verted into  lofty  mountains,  and  low  lands  into  deep  seas. 

In  a  former  chapter  (p.  198:),  I  have  stated  that  aqueous  and 
igneous  agents  may  be  regarded  as  antagonist  forces ;  the  aqueous 
labouring  incessantly  to  reduce  the  inequalities  of  the  earth's  surface 
to  a  level,  while  the  igneous  are  equally  active  in  renewing  the  un- 
evenness  of  the  surface.    By  some  geologists  it  has  been  thought  that 
the  levelling  power  of  running  water  was  opposed  rather  to  the 
elevating  force  of  earthquakes  than  to  their  action  generally.     This 
opinion  is,  however,  untenable ;  for  the  sinking  down  of  the  bed  of 
the  ocean  is  one  of  the  means  by  which  the  gradual  submersion  of  land 
is  prevented.     The  depth  of  the  sea  cannot  be  increased  at  any  one 
point  without  a. universal  fall  of  the  waters,  nor  can  any  partial  de- 
position of  sediment  occur  without  the  displacement  of  a  quantity  of 

*  Balletb  de  la  Soc.  GeoL  2nd  series,  roL  iv.  p.  1312.      ;         t  ^^  ^  ^^- 
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wntt^r  of  equul  volume,  ivhicti  will  raise  the  sen,  though  in  an  ii 
ceptible  (logre«,  even  to  the  ontipodefl,  Tbe  preservalr 
of  tbe  dty  laud  may  soDietimes  Le  efTiictcd  by  the  subsidenca  ol 
of  tbe  earth's  crust  (that  pari,  namely,  which  is  covered  hy  the  oca 
and  in  like  manntr  an  upheaving  movement  must  often  tctt 
destroy  land ;  for  if  it  render  the  bed  of  ihe  B<?a  more  tballov,  it 
displace  a  certain  quaotily  of  water,  and  thus  tend  to 
low  tracts. 

Astronomers  having  proved  (see  above,  p.  129.),  that  tiere 
been  no  change  in  the  diameter  of  the  earth  during  the  last  two  llM 
eand  years,  we  may  assume  it  as  probable,  that  the  dimensions  of  iM 
planet  remaia  uniform.  If,  then,  we  inquire  in  what  maooer  dl 
force  of  earthquakes  must  be  regulated,  in  order  to  restore  perpc  "* 
tbe  inequalities  of  the  surface  which  the  levelling  power  off 
tends  to  efHice,  it  will  be  found,  tbat  the  amount  of  depresskut 
exceed  that  of  elevation.  It  would  be  otIierwi«e  if  the  aotio*  it 
voleanos  and  mineral  springs  were  suspended ;  for  then  ibe  fiiMf 
outwards  of  the  earth's  envelope  ought  to  be  no  more  than  tqmi  » 

To  understand  this  proposition  more  clearly,  it  must  be  bona 
mind,  that  the  deposits  of  rivers  and  currents  probably  add  as  nw 
to  tlie  height  of  Innda  which  are  rising,  as  they  take  from  those  "hici 
have  risen.  Suppose  a  large  river  to  bring  down  sediment  to*p>^ 
of  the  ocean  two  thousand  feet  deep,  and  that  the  depth  of  tbis  pu^ 
is  gradually  reduced  by  the  aecumululion  of  sediment  till  t>olT  > 
shuul  remains,  covered  by  water  at  high  tides ;  if  now  an  uplieiTitf 
force  should  uplift  this  shoul  to  the  height  of  2000  feet,  the  resok 
would  be  a  mountain  2000  feet  high.  But  had  the  movement  i«i>s' 
the  same  part  of  the  bottom  of  the  sea  before  the  sediment  of  the  n«f 
had  filled  it  up ;  then,  instead  of  changing  a  shoal  into  a  moaoiiii 
2000  feet  high,  it  would  only  have  converted  a  deep  sea  into  ■  *!»si 

It  appears,  then,  that  the  operations  of  the  earthquake  arerfW 
such  as  to  cause  the  levelling  power  of  water  to  counteract  iuciri 
and,  although  tbe  idea  may  appear  paradosical,  we  may  be  lan 
wherever  we  find  hills  and  mountains  composed  of  stratified  ileposlti 
tbat  such  inequalities  of  the  surface  would  have  had  no  existeav  ^ 
water,  at  some  former  period,  had  not  been  labouring  to  rediKC  ^ 
cnrili's  surface  to  one  level. 

But,  besides  the  transfer  of  mailer  by  running  water  frea  1^ 
continents  to  the  ocean,  there  is  a  constant  transportation  tnm  bdf 
upwards,  by  mineral  springs  and  volcanic  vents.  As  iMoaalM 
masses  ore,  in  the  course  of  ages,  created  by  tbe  pouring  fxtka 
successive  streams  of  lava,  so  stratified  rocks,  of  great  exM^ 
originate  from  the  deposition  of  carbonate  of  lime,  and  other  miatfil 
ingredients,  with  which  springs  are  impregnated.  The  gntfueni 
the  land,  and  portions  of  tbe  bottom  of  the  aea,  being  thus  ratsv^  t^ 
external  accessions  due  to  these  operntitms  would  cause  the  diaR" 
«ion^  of  the  pl^inet  to  enlarge  continually,  if  tbe  amount  of 
of  the  eailWe  Ctuat  wi^oi  ''^>^  mure  ihau  equal  to  the  clention. 
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order,  therefore,  that  the  mean  diameter  of  the  earth  should  remain 
uniform,  and  the  unevenness  of  the  surface  be  preserved,  it  is  neces- 
sary that  the  amount  of  subsidence  should  be  in  excess.  And  such  a 
predominance  of  depression  is  far  from  improbable,  on  mechanical 
principles,  bince  every  upheaving  movement  must  be  expected  either 
to  produce  caverns  in  the  mass  below,  or  to  cause  some  diminution 
of  its  density.  Vacuities  must,  also,  arise  from  the  subtraction  of 
the  matter  poured  out  from  volcanos  and  mineral  springs,  or  from 
the  contraction  of  argillaceous  masses  by  subterranean  heat ;  and  the 
foundations  having  been  thus  weakened,  the  earth's  crust,  shaken 
and  rent  by  reiterated  convulsions  must,  in  the  course  of  time, 
fall  in. 

If  we  embrace  these  views,  important  geological  consequences  will 
follow  ;  since,  if  there  be,  upon  the  whole,  more  subsidence  than  ele- 
Tation,  the  average  depth  to  which  former  surfaces  have  sunk  be- 
neath their  original  level  must  exceed  the  height  which  ancient 
marine  strata  have  attained  above  the  sea.  If,  for  example,  marine 
strata,  about  the  age  of  our  chalk  and  greensand,  have  been  lifted 
up  in  Europe  to  an  extreme  height  of  more  than  eleven  thousand  feet, 
and  a  mean  elevation  of  some  hundreds,  we  may  conclude  that  certain 
parts  of  the  surface,  which  existed  when  those  strata  were  deposited, 
have  sunk  to  an  extreme  depth  of  more  than  eleven  thousand  feet 
below  their  original  level,  and  to  a  mean  depth  of  more  than  a  few 
hundreds. 

In  regard  to  faults,  also,  we  must  infer,  according  to  the  hypothesis 
now  proposed,  that  a  greater  number  have  arisen  from  the  sinking 
down  than  from  the  elevation  of  rocks. 

To  conclude :  it  seems  to  be  rendered  probable,  by  the  views  above 
explained,  that  the  constant  repair  of  the  land,  and  the  subserviency 
of  our  planet  to  the  support  of  terrestrial  as  well  as  aquatic  species, 
are  secured  by  the  elevating  and  depressing  power  of  causes  acting  in 
the  interior  of  the  earth  ;  which,  although  so  often  the  source  of  death 
and  terror  to  the  inhabitants  of  the  globe — visiting  in  succession 
every  zone,  and  filling  the  earth  with  monuments  of  ruin  and  disorder 
—  are  nevertheless  the  agents  of  a  conservative  principle  above  all 
others  essential  to  the  stability  of  the  system. 
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CHAPTER  XXXm. 

CHAKGXS  O?  THE  ORGANIC  WORLD  HOW  Df    PBOOKKSS. 

in  of  Iho  pobjecl  —  ExttminBlion  of  ihc  qncsilon.  Whether  tperia  hm  • 
real  exiEtonca  in  tiawrc  ? — Importance  of  iliia  qnostion  in  piologj — Sbrtt' 
Lmnarck's  arguments  in  fovourol  (he  tratismotation  of  ipei-icB,  ■jxl  barooJEO^ 
r^pccliag  Itie  origia  of  existiog  aaiuiali  and  plout* — I^  tbeo<7  o(  ikt  ai» 
fonnatiou  of  (tie  oiaDg-oiUsiig  into  ibo  luunui  gpeciea. 

The  last  book,  from  chapters  fourteen  to  lliirty-Uiree  in<;ltu»T«,  »«   I 
flcctipii.'d  witb  tbe  coneid emtio n  of  the  changes  brought  about  u«  tk    j 
earth's  aurface,  within  the  period  of  humaa  obserratioti,  \>j  inorglM    Q 
■g«iiits  i  such,  for  example,  as  rivers,  mariue  currents,  vokaitM,  W    1 
varthqunkes.     But  there  is  another  class  of  phenomena  rcUti^tt 
the  organic  world,  which  have  an  equal  claim  on  our  atteotloa,  if**    J 
desire  to  obtain  possession  of  all  the  prepariitory  knowledge  rc«pccti*; 
the  existing  course  of  nature,  which  may  be  available  in  (h*  iat*-     , 
pretation  of  geological  monuments.  It  appeared  from  our  prelimiairj    j 
sketch  of  llie  progress  of  the  science,  tliat  the  moat  lively  inian* 
was  excited  among  its  earlier  cultivators,  by  the  discovery  of  tk 
remains  of  animals  and  plants  in  the  interior  of  mountains  frequMtlj 
remote  from  the  sea.     Much  controversy  arose  respecting  tbe  aitnrt 
of  these  remains,  the  causes  wliich  may  havL'  l-r.-'TLzl.t   ih.-n-   inton 
singular  a  pwilion,  and  tbe  want  of  a  spti.ii';i-     j.i    n  .nwa 

them  and  known  animals  and  plants.  To  qualify  ourselves  to  Ton 
just  views  on  these  curious  questions,  we  must  first  study  the  prestri 
condition  of  the  animate  creation  on  the  globe. 

This  branch  of  our  inquiry  naturally  divides  itself  into  two  partis 
first,  we  may  examine  the  vicissitudes  to  which  species  are  Bolgerti 
secondly,  the  processes  by  which  certain  individuals  of  theae  speciti 
occBsionnliy  become  fossil.  The  first  of  these  divisions  will  le«d  14 
among  other  topics,  to  inquire,  first,  whether  species  have  a  real  aid 
permanent  existence  in  nature  ?  or  whether  they  are  capable,  a»»(i*l 
naturalists  pretend,  of  being  indefinitely  modified  in  the  coutm  of  • 
long  series  of  generations  ?  Secondly,  whether,  if  speciea  have  a  nm 
existence,  the  individuals  composing  them  have  been  derived  origia- 
ally  from  many  similar  stocks,  or  each  from  one  only,  the  desceadaolf 
of  which  have  spread  themselves  gradually  from  a  particular  poial 
over  the  habitable  lands  and  waters?  Thirdly,  how  far  the  dormtiot 
of  each  species  of  animal  and  plant  is  limiied  by  its  depcMteao 
on  certain  fluctuating  and  temporary  conditions  in  the  Btal«  of  tfc* 
animate  and  inanimate  world  ?  Fourthlyt  whether  there  be  pw^ 
of  the  BucccBsivft  tTAeraansXTOt^  of  sf  eciefl  in  the  ordinary  cosM  • 
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nature,  and  whether  there  be  any  reason  for  conjecturing  that  new 
animals  and  plants  are  created  from  time  to  time,  to  supply  their 
place? 

Whether  species  have  a  real  existence  in  nature,  — Before  we  can  ^  * 
advance  a  step  in  our  proposed  inquiry,  we  must  be  able  to  define 
precisely  the  meaning  which  we  attach  to  the  term  species.  This  is 
even  more  necessary  in  geology  than  in  the  ordinary  studies  of  the 
naturalist ;  for  they  who  deny  that  such  a  thing  as  a  species  exists, 
concede  nevertheless  that  a  botanist  or  zoologist  may  reason  as  if  the 
specific  character  were  constant,  because  they  confine  their  observa- 
tions to  a  brief  period  of  time.  Just  as  the  geographer,  in  con- 
structing his  maps  from  century  to  century,  may  proceed  as  if  the 
apparent  places  of  the  fixed  stars  remained  absolutely  the  same,  and 
as  if  no  alteration  were  brought  about  by  the  precession  of  the  equi- 
noxes ;  so,  it  is  said,  in  the  organic  world,  the  stability  of  a  species 
may  be  taken  as  absolute,  if  we  do  not  extend  our  views  beyond  the 
narrow  period  of  human  history ;  but  let  a  sufficient  number  of 
centuries  elapse,  to  allow  of  important  revolutions  in  climate,  physical 
geography,  and  other  circumstances,  and  the  characters,  say  they,  ot 
the  descendants  of  common  parents  may  deviate  indefinitely  from 
their  original  type.  j  ,  .   .    j 


Now,  if  these  doctrines  be  tenable,  we  are  at  once  presented  with  I  ^  L 


(J-. 


a  principle  of  incessant  change  in  the  organic  world ;  and  no  degree 
of  dissimilarity  in  the  plants  and  animals  which  may  formerly  have 
existed,  and  are  found  fossil,  would  entitle  us  to  conclude  that  they 
may  not  have  been  the  prototypes  and  progenitors  of  the  species  now  j 
living.  Accordingly  M.  Geofiroy  St.  Hilaire  has  declared  his  opinion, 
that  there  has  been  an  uninterrupted  succession  in  the  animal  king- 
dom, effected  by  means  of  generation,  from  the  earliest  ages  of  the 
world  up  to  the  present  day,  and  that  the  ancient  animals  whose 
remains  have  been  preserved  in  the  strata,  however  different,  may 
nevertheless  have  been  the  ancestors  of  those  now  in  being.  This 
notion  is  not  very  generally  received,  but  we  are  not  warranted  in 
assuming  the  contrary,  without  fully  explaining  the  data  and  reason- 
ing by  which  it  may  be  refuted. 

I  shall  begin  by  stating  as  concisely  as  possible  all  the  facts  and 
ingenious  arguments  by  which  the  theory  has  been  supported ;  and 
for  this  purpose  I  cannot  do  better  than  offer  the  reader  a  rapid 
sketch  of  Lamarck's  statement  of  the  proofs  which  he  regards  as 
confirmatory  of  the  doctrine,  and  which  he  has  derived  partly  from 
the  works  of  his  predecessors  and  in  part  from  original  investiga- 
tions. 

His  proofs  and  inferences  will  be  best  considered  in  the  order  in 
which  they  appear  to  have  influenced  his  mind,  and  I  shall  then  point 
out  some  of  the  results  to  which  he  was  led  while  boldly  following 
out  his  principles  to  their  legitimate  consequences. 

LamarcKs  arguments  in  favour  of  the  transmutation  of  species.  — 
The  name  of  species,  observes  Lamarck,  has  been  usually  applied  \a 
<<  every  collection  of  similar  individuals  produced  by  oldies  \ii<^VAui\& 
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like  Ihemselves,"'  This  deflnitioD,  he  admits,  is  correct;  boeMM 
vrery  living  indiyidiial  bears  a  very  cloM  memblance  to  ihoK  6>i 
-which  it  springs.  liut  this  is  not  all  which  is  usuaU;-  implied  bf  ill 
tenn  species;  for  the  mnjority  of  nstaralista  agree  with  LiDttmsii 
supposing  that  all  the  indiviilunU  propagated  from  ono  Mock  Inia 
certain  distinguishing  characters  in  common,  which  will  nerer  nt^ 
ond  which  hove  remained  the  same  since  the  creation  of  pack  tp«aa. 

In  order  to  shake  this  opinion,  Lamarck  enters  upon  the  roUowiK 
line  of  argument :  —  The  more  we  advance  in  the  UnowleHgv  rf  ll« 
different  organized  bodies  which  cover  the  surface  of  the  ghAe,  At 
more  our  embarrassment  increases,  to  determine  what  ought  to  bt 
regarded  as  a  species,  and  slill  more  how  to  limit  and  Jirtinjart 
genera.  In  proportion  as  onr  collections  are  enriched,  we  tec  aJmM 
every  void  filled  up,  and  all  our  lines  of  separation  effaced  !  w«  in 
reduced  to  arbitrary  delerminntions,  nnd  are  sometimea  fain  to  mm 
upon  the  f<liglit  differences  of  mere  varieties,  in  order  to  fonn  A^ 
raciere  for  what  we  chooBe  to  call  a  species ;  and  sometime  we  m 
induced  to  pronounce  individuals  but  e1i;.'htly  differing,  and  wUdi 
others  regard  as  true  species,  to  be  Torieties. 

The  greater  the  abundance  of  natuml  objects  assembled  togelka; 
the  more  do  we  discover  proofa  tlint  every  thing  parses  by  inseiinMi 
b1i!1i1i's  into  soraetliing  else;  tliat  even  the  more  remark'uble  diflrt- 
ences  are  evanescent,  and  that  nature  has,  for  the  most  part,  left  W 
nothing  at  our  disposal  for  establishing  distinctions,  save  tiiflii^ 
and,  in  some  respects,  puerile  particularities. 

We  find  that  many  genera  amongst  animals  and  plants  are  of  nA 
an  extent,  in  consequence  of  the  number  of  species  referred  to  tfaOD, 
that  tlie  study  nnd  determination  of  tliese  last  has  become  almost 
impracticable.  When  the  species  are  arranged  in  a  seriea,  tai 
ptaci-d  near  to  each  other,  with  due  regard  to  their  natural  affinities 
they  eaeh  differ  in  so  minute  a  degree  from  those  next  Bdjoiniii6 
that  they  almost  melt  into  each  other,  and  are  in  a  manner  confonnded 
together.  If  we  see  isolated  i'pecies,  we  may  presume  the  abseMs 
of  some  more  closely  connected,  and  which  have  not  yet  been  dis- 
covered. Already  are  there  genera,  and  even  entire  orders — bmj, 
whole  classes,  which  present  an  approximation  to  the  state  of  ihiogt 
here  indicated. 

If,  when  species  have  been  thus  placed  in  a  regular  aeriei^  «• 
select  one,  and  tlien,  making  a  leap  over  several  intemiediaM  oae^ 
we  take  a  second,  at  some  distance  from  the  first,  these  two  will,  oa 
comparison,  be  seen  to  be  very  dissimilar;  and  it  is  in  this  Basiwr 
that  every  naturalist  begins  to  Study  the  objects  which  are  at  hi> 
own  door.  He  then  finds  it  an  easy  task  to  eatahliah  generic  tai 
■pecific  distinctions  ;  and  it  is  only  when  his  experience  is  enlaiye^ 
and  when  he  has  made  himself  master  of  the  intermediate  links,  iM 
his  difficulties  and  ambiguities  begin.  But  while  we  are  ibM 
eompeUed  to  re»rt  to  trifling  and  minute  character!  in  our  atMipt 
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to  separate  species,  we  find  a  striking  disparity  between  Individuals 
which  we  know  to  have  descended  from  a  common  stock  ;  and  these 
nevrly  acquired  peculiarities  are  regukrty  transmitted  from  one 
generation  to  another,  constituting  what  are  called  races. 

From  a  great  number  of  facts,  continues  the  author,  we  learn  that 
in  proportion  as  the  individuals  of  one  of  our  species  change  their 
situation,  climate,  and  manner  of  living,  thej  change  also,  hy  little 
and  little,  the  consistence  and  proportions  of  their  parts,  their  form, 
their  faculties,  and  even  their  organisation,  in  such  a  manner  that 
every  thing  in  them  comes  at  last  to, participate  in  the  mutations  to 
which  they  have  been  exposed.  Even  in  the  same  climate,  a  great 
difference  of  situation  and  exposure  causes  individuals  to  vary ;  but 
if  these  individuals  continue  to  live  and  to  be  reproduced  under  the 
same  difference  of  circumstances,  distinctions  are  brought  about  in 
them  which  become  in  some  degree  essential  to  their  existence.  In 
a  wordy  at  the  end  of  many  successive  generations,  these  individuals, 
which  originally  belonged  to  another  species,  are  transformed  into  a 
new  and  distinct  species.* 

Thus,  for  example,  if  the  seeds  of  a  grass,  or  any  other  plant 
which   grows   naturally   in  a  moist  meadow,  be  accidentally  trans* 
ported,  first  to  the  slope  of  some  neighbouring  hill,  where  the  soil^ 
although  at  a  greater  elevation,  is  damp  enough  to  allow  the  plant  to 
live;  and  if,  alter  having  lived  there,  and  having  been  several  times 
regenerated,  it  reaches  by  degrees  the  drier  and  almost  arid  soil  of  a 
mountain   declivity,  it   will  then,   if  it  succeeds  in  growing,  and 
perpetuates   itself  for  a  series  of  generations,  be  so  changed  that 
botanists  who  meet  with  it  will  regard  it  as  a  particular  species.f 
The  unfavourable  climate   in  this  case,  deficiency  of  nourish ment»  1 
exposure  to  the  winds,  and  other  causes,  give  rise  to  a  stunted  and   ) 
dwarfish  race,  with   some  organ   more  developed  than  others,  and    ] 
having  proportions  often  quite  peculiar. 

What  nature  brings  about  in  a  great  lapse  of  time,  we  occasion 
suddenly  by  changing  the  circumstances  in  which  a  species  has  been 
accustomed  to  live.  All  are  aware  that  vegetables  taken  from  their 
birth-place,  and  cultivated  in  gardens,  undergo  changes  which  render 
them  no  longer  recognizable  as  the  same  plants.  Many  which  were 
naturally  hairy  become  smooth,  or  nearly  so  ;  a  great  number  of  such 
as  were  creepers  and  trailed  along  the  ground,  rear  their  stalks  and 
grow  erect.  Othera  lose  their  thorns  or  asperities ;  others,  again, 
from  the  ligneous  state  which  their  stem  possessed  in  hot  climates, 
where  they  were  indigenous,  pass  to  the  herbaceous ;  and,  among 
them,  some  which  were  perennials  become  mere  annuals.  So  well 
do  botanists  know  the  effects  of  such  changes  of  circumstances,'  that 
they  are  averse  to  describe  species  from  garden  specimens,  unless 
they  are  sure  that  thej  have  been  cultivated  for  a  very  short 
period. 

**  Is  not  the  cultivated  wheat  **  (  Triiicum  sativum),  asks  LamarcL  \  \ 

•  PhiL  ZooL  tom.  i  p.  6a.  \  TbAj^L 


f»   y^ 


1  / 


£70  CHAKGES  IN  ANIMALS  AKD  PLANTS       [Cb.  XXXIIL 

"  ft  vegetable  brouglit  b7  man  into  tbo  state  in  which  W6  now  bm  it? 
Let  any  one  tell  me  in  what  country  a  simibr  plant  grows  mOi, 
UDlcae  where  it  has  escaped  froin  cultivated  fii^lds  ?  Where  do  <m 
fuiil  in  nature  oui-  eabbagea,  lettuces,  and  other  culinary  vogeiaUei^ 
ill  the  Btate  in  which  they  appear  tn  our  gardens  ?  Is  it  not  th« 
same  in  regard  to  a  great  quaiitity  of  animals  which  domesticity  hai 
changed  or  considerably  mudilied?"*  Our  domestic  fowls  and 
pigeons  arc  unlike  any  wild  birds.  Our  domestic  duclcs  and  g«eM 
have  lost  the  faculty  of  raising  themselves  into  the  higlier  regioni  of 
the  air,  and  crossing  extensive  countries  in  their  flight,  like  tbe  wild 
ducks  and  wild  geese  from  which  they  were  originally  derived.  A 
bird  which  we  breed  in  a  cage  cannot,  when  restored  to  liberty,  llj 
like  others  of  the  same  species  which  have  been  always  frir-  Thii 
small  alteration  of  circuniBlanccs,  however,  has  only  diminished  tiit 
power  of  flight,  without  modifying  the  form  of  any  part  of  Um 
wings.  But  when  individuals  of  the  same  race  are  retained  is 
captivity  during  %  considerable  length  of  lime,  the  form  e»en  of 
their  porta  is  gradually  made  to  differ,  especially  if  climate,  Doori^ 
ment,  and  other  circumstances  be  also  altered. 

The  numerous  races  of  dogs  which  we  have  produced  by  doae^ 
ticitf  ore  nowhere  to  be  found  in  a  wild  state.  In  nature  wr  ihouU 
Beok  in  vain  for  mastiffs,  hiirriers.  spnnielfi,  greyhounds  nnd  oih>«T 
races,  between  which  the  differences  are  sometimes  so  great  that  thej 
would  be  readily  admitted  as  specific  between  wild  animals  ;  "  yet  all 
these  have  sprung  originally  from  a  single  race,  at  first  approaching 
very  near  to  a  wolf,  if,  indeed,  ttie  wolf  be  not  the  true  type  which  at 
iome  period  or  other  was  domesticated  by  man." 

Although  important  changes  in  the  nature  of  the  places  which 
they  inhabit  modify  the  organization  of  animals  as  well  as  vegetables ; 
yet  the  former,  says  X^amarck,  require  more  time  to  complete  a 
considerable  degree  of  transmutation ;  and,  consequently,  we  aie 
less  sensible  of  such  occurrences.  Next  to  a  diversity  of  the  medium 
in  which  animals  or  plants  may  live,  tbe  circumstances  which  have 
most  influence  in  modifying  their  organs  are  differences  in  expoeure, 
climate^  the  nature  of  the  soil,  and  other  local  particulars  These 
circumstances  are  as  varied  as  are  the  characters  of  the  species,  and, 
like  them,  pass  by  insensible  shades  into  each  other,  there  being 
every  intermediate  gradation  between  the  oppoaite  extremes.  But 
each  locality  remains  for  a  very  long  time  the  same,  and  ia  altered 
so  slowly  that  we  can  only  become  conscious  of  the  reality  of  the 
change  by  consulting  geological  monuments,  by  which  we  learn  that 
the  order  of  things  which  now  reigns  in  each  place  has  not  always 
prevailed,  and  by  inference  anticipate  that  it  will  not  always  contiBua 
the  same-t 

Every  considerable  alteration  in  tbe  local  circumstances  in  which 
each  race  of  animals  exists  causes  a  change  in  their  wants,  and  IhoM 
new  wants  excite  them  to  new  actiooa  and  habita.    These  acliooi 
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require  the  more  frequent  employment  of  some  parts  before  but 
slightly  exercised,  and  then  greater  development  follows  as  a  con- 
sequence of  their  more  frequent  use.  Other  organs  no  longer  in  use 
are  impoverished  and  diminished  in  size,  nay,  are  sometimes  entirely 
annihilated,  while  in  their  place  new  parts  are  insensibly  produced 
for  the  discharge  of  new  functions.* 

I  must  here  interrupt  the  author's  argument,  by  observing,  that 
no  positive  fact  is  cited  to  exemplify  the  substitution  of  some  entirely 
new  sense,  faculty,  or  organ,  in  the  room  of  some  other  suppressed 
as  useless.  All  the  instances  adduced  go  only  to  prove  that  the 
dimensions  and  strength  of  members  and  the  perfection  of  certain 
attributes  may,  in  a  long  succession  of  generations,  be  lessened  and 
enfeebled  by  disuse ;  or,  on  the  contrary,  be  matured  and  augmented 
by  active  exertion ;  just  as  we  know  that  the  power  of  scent  is  feeble 
in  the  greyhound,  while  its  swiftness  of  pace  and  its  acuteness  of 
sight  are  remarkable — that  the  harrier  and  stag-hound,  on  the  con- 
trary, are  comparatively  slow  in  their  movements,  but  excel  in  the  /^ 
sense  of  smelling. 

It  was  necessary  to  point  out  to  the  reader  this  important  chasm 
in  the  chain  of  evidence,  because  he  might  otherwise  imagine  that  I  ;  ^ 
had  merely  omitted  the  illustrations  for  the  sake  of  brevity ;  but  the 
plain  truth  is,  that  there  were  no  examples  to  be  found ;  and  when  ^ 
Lamarck  talks  ''  of  the  efforts  of  intemad  sentiment,"  '*  the  influence 
of  subtle  fluids,"  and  "acts  of  organization,"  as  causes  whereby 
animals  and  plants  may  acquire  new  organs,  he  substitutes  names 
for  things;  and,  with  a  disregard  to  the  strict  rules  of  induction, 
resorts  to  fictions,  as  ideal  as  the  '*  plastic  virtue,"  and  other  phantoms 
of  the  geologists  of  the  middle  ages. 

It  is  evident  that,  if  some  well-authenticated  facts  could  have  been 
adduced  to  establish  one  complete  step  in  the  process  of  transform- 
ation, such  as  the  appearance,  in  individuals  descending  from  a 
common  stock,  of  a  sense  or  organ  entirely  new,  and  a  complete 
disappearance  of  some  other  enjoyed  by  their  progenitors,  time  alone 
might  then  be  supposed  sufficient  to  bring  about  any  amount  of 
metamorphosis.  The  gratuitous  assumption,  therefore,  of  a  point  so 
vital  to  the  theory  of  transmutation,  was  unpardonable  on  the  part  of 
its  advocate. 

But  to  proceed  with  the  system :  it  being  assumed  as  an  undoubted 
fact,  that  a  change  of  external  circumstances  may  cause  one  organ  to 
become  entirely  obsolete,  and  a  new  one  to  be  developed,  such  as 
never  before  belonged  to  the  species,  the  fellowing  proposition  is 
announced,  which,  however  staggering  and  absurd  it  may  seem,  is 
logically  deduced  from  the  assumed  premises.    It  is  not  the  organSi 
or,  in  other  words,  the  nature  and  form  of  the  parts  of  the  body  of     .y.'f^ 
an  animal,  which  have  given  rise  to  its  habits,  and  its  particular    ^ 
faculties ;  but,  on  the  contrary,  its  habits,  its  manner  of  living,  and     " 
those  of  its  progenitors,  have  in  the  course  of  time  determined  Um 
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form  of  its  body,  the  number  nnd  condition  of  iU  organs — in  sImH, 
the  faculliea  which  it  enjoys.  Thus  otters,  bearers,  waterfowl,  titrtla, 
and  frogs,  were  not  made  web-footed  in  order  that  they  miKht  mtni 
but  their  wants  baring  attracted  Ihem  to  tlie  water  in  search  of  prey, 
they  stretched  out  tlie  toes  of  their  fe«t  to  strike  tlie  water  and  nan 
rapidly  along  its  surface.  By  the  repealed  etretcbing  of  their  to*^ 
the  skin  which  united  tliem  at  the  base  acquired  a  habit  of  exiea«it>n, 
until,  in  the  course  of  lime,  the  broad  membranes  which  now  connect 
their  extremities  were  formed. 

In  like  manner,  the  untelope  and  the  gazelle  were  not  endowed 
with  light  agile  forms,  in  order  tlint  they  migiit  escape  by  flight  fbia 
carnivorous  animals ;  but,  hnving  been  exposed  to  the  danger  of  bdog 
devoured  by  lions,  tigers,  and  other  beasts  of  prey,  they  were  earn- 
pellod  to  exert  themrelres  in  running  with  great  celerity;  a  habit 
which,  in  the  course  of  many  generalions,  gave  rise  to  the  peculiar 
slendemcM  of  their  legs,  and  the  agility  and  cl^ance  of  their 
forms. 

The  cam^lopard  was  not  gifted  with  a  long  flexible  neck  bfcsm* 
it  was  destined  to  lire  in  the  interior  of  Africa,  where  the  soil  «u 
trid  and  devoid  of  herbnge  ;  but,  being  reduced  by  the  nature  of  tint 
eouniry  to  support  itself  on  the  foliage  of  lofty  treea,  it  contrKted 
a  habit  of  stretching  itself  up  to  reach  the  high  bough»<.  until  its  neck 
became  so  elongated  that  it  could  raise  its  head  to  the  height  of 
.    twenty  feet  above  the  ground. 

Another  line  of  argument  is  then  entered  upon,  in  farther  cor- 
roboration of  the  in!tabi!ity  of  species.  In  order,  it  is  said,  that 
individuals  should  perpetuate  themselves  unaltered  by  generation, 
those  belonging  to  one  species  ought  never  to  ally  themselves  to 
those  of  another ;  but  such  scsual  unions  do  Inke  place,  both  amoog 
plants  and  animals;  and  although  the  offspring  of  such  irregular 
connections  are  usually  sterile,  yet  such  is  not  always  the  case. 
Hybrids  have  sometimes  proved  prolific,  where  the  disparity  betweea 
the  species  was  not  loo  great ;  and  by  this  means  alone,  says  Lamarck, 
varieties  may  gradually  be  created  by  near  alliances,  which  would 
become  races,  and  in  the  course  of  time  would  constitute  what  we 
term  species.* 

But  if  the  soundness  of  all  these  arguments  and  inferences  be 
admitted,  we  are  next  to  intguire,  what  were  the  original  types  of 
form,  organization,  and  instinct,  from  which  the  diversities  of  character, 
as  now  exhibited  by  animals  and  pknis,  have  been  derived?  We 
know  that  individuals  which  are  mere  varieties  of  the  same  species 
would,  if  their  pedigree  could  be  traced  back  far  enough,  terminate 
in  a  single  stock ;  so,  according  to  the  train  of  reasoning  before 
described,  the  species  of  a  genus,  and  even  the  genera  of  a  great 
family,  must  have  had  a  common  point  of  departure.  What,  then, 
was  the  single  stem  from  which  so  many  varieties  of  form  bare 
xaoaified?    Were  there  many  of  these,  or  are  we  to  refer  the  origis 
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of  the  whole  animate  creatioD,  as  the  f^gyptian  priests  did  that  of  the 
uniTerse,  to  a  single  egg  ? 

In  the  absence  of  anj  positive  data  for  framing  a  theory  on  so 
obscure  a  subject,  the  following  considerations  were  deemed  of  import- 
ance to  guide  conjecture. 

In  the  first  place,  if  we  examine  the  whole  series  of  known  animals^ 
from  one  extremity  to  the  other,  when  they  are  arranged  in  the  order 
of  their  natural  relations,  we  find  that  we  may  pass  progressively,  or, 
at  least,  with  very  few  interruptions,  from  beings  of  more  simple  to 
those  of  a  more  compound  structure ;  and,  in  proportion  as  the  com* 
plexity  of  their  organization  increases,  the  number  and  dignity  of  their 
faculties  increase  also.  Among  plants,  a  similar  approximation  to  a 
graduated  scale  of  being  is  apparent.  Secondly,  it  appears,  from 
geological  observations,  that  plants  and  animals  of  more  simple 
organization  existed  on  the  globe  before  the  appearance  of  those  of 
more  compound  structure,  and  the  latter  were  successively  formed  at 
more  modern  periods ;  each  new  race  being  more  fully  ^developed 
than  the  most  perfect  of  the  preceding  era. 

Of  the  truth  of  the  last-mentioned  geological  theory,  Lonuirck 
seems  to  have  been  fully  persuaded ;  and  he  also  shows  that  he  was 
deeply  impressed  with  a  belief  prevalent  amongst  the  older  naturalists^ 
that  the  primeval  ocean  invested  the  whole  planet  long  after  it  became 
the  habitation  of  living  beings  ;  and  thus  he  was  inclined  to  assert 
the  priority  of  the  types  of  marine  animals  to  those  of  the  terrestrial, 
so  as  to  fancy,  for  example,  that  the  testacea  of  the  ocean  existed 
first,  until  some  of  them,  by  gradual  evolution,  were  improved  into 
those  inhabiting  the  land. 

These  speculative  views  had  already  been,  in  a  great  degree, 
anticipated  by  Demaillet  in  his  Telliamed,  and  by  several  modem 
writers ;  so  that  the  tables  were  completely  turned  on  the  phi- 
losophers of  antiquity,  with  whom  it  was  a  received  maxim,  that 
created  things  were  always  most  perfect  when  they  came  first  from 
the  hands  of  their  Maker ;  and  that  there  was  a  tendency  to  pro* 
gressive  deterioration  in  sublunary  things  when  left  to  themselves— 


omnia  finttB 


In  pejoB  mere,  ac  retrd  sublapea  refeni. 

So  deeply  was  the  faith  of  the  ancient  schools  of  philosophy  imbued 
with  this  doctrine,  that,  to  check  this  universal  proneness  to  de- 
generacy,  nothing  less  than  the  re-intervention  of  the  Deity  was 
thought  adequate;  and  it  was  held,  that  thereby  the  order,  ex- 
cellence, and  pristine  energy  of  the  moral  and  physical  world  had  been 
repeatedly  restored. 

But  when  the  possibility  of  the  indefinite  modification  of  individuals 
descending  from  common  parents  was  once  assumed,  as  also  the 
geological  inference  respecting  the  progressive  development  of  organic 
life,  it  was  natural  that  the  ancient  dogma  should  be  rejected,  ov 
rather  reversed,  and  that  the  most  simple  and  imperfect  forms  and 
faculties  should  be  conceived  to  have  been  the  originals  whence  all 
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!    others  were  developed.     Accordingly,  in  conformity  to  these  riewi^ 

1.  J,  inert  matter  was  supposed  to  bave  faeeu  flrat  endowed  wJlh  lUe; 

^        until,  in   the   course  of  nges,  sens&tion   was  superadded    to  mot 

vitality:  sight,  hearing,  snd  the  other  eeoses  were  artt^rwardsocqubiedi 

then  instinct  and  the  mental  faculties ;  until,  finally,  by  Tirtnc  <f 

the  tendency  of  things  to  progreisive  improvemeftt,  the  imtion*! 

was  dcTeloped  into  the  rational. 

The  reader,  however,  will  immediately  perceive  that  when  nil  the 
higher  orders  of  plants  and  animals  were  thus  supposed  to  bp  nun- 
pnratively  modem,  and  to  have  been  derived  in  a  long  seriM  of 
geiiurations  from  lliose  of  more  simple  conformntion,  bouq  fArther 
hypothesis  became  indispensable,  in  order  to  explain  why,  &fter  U 
indefinite  lapse  of  agea,  there  were  still  so  mnny  beings  of  the  siioplMI 
structure.  Why  have  the  majority  of  existing  creatures  remained 
stationary  throughout  this  long  succession  of  epochs,  while  olhss 
have  made  such  prodigious  advances  ?  Why  ore  there  such  multi- 
tudes of  infusoria  and  polyps,  or  of  confervie  and  other  cryptogsmic 
plants  ?  Why,  moreover,  has  the  process  of  development  noted  with 
such  unequal  and  irregular  force  on  those  classes  of  beings  whici 
have  been  ^eatly  perfected,  so  that  there  are  wide  chasms  La  tbt 
scries ;  gaps  so  enormous,  that  Lamarck  fairly  admits  wo  can  oenr 
expect  to  fill  them  up  by  future  discoveries  ? 

Tlie  following  hypothesis  was  provided  to  meet  these  objection*. 
Nature,  we  are  told,  is  not  an  intelligence,  nor  the  Deity  ;  but  a 
delegated  power — a  mere  instrument — a  piece  of  mechanism  acting 
by  necessity — an  order  of  things  constituted  by  the  Supreme  Bein^ 
and  subject  to  laws  which  are  the  expressions  of  his  wilL  This 
Nature  is  obliged  to  proceed  gradually  in  all  her  operations;  she 
cannot  produce  animals  and  plants  of  all  classes  at  once,  but  must 
always  begin  by  the  formation  of  the  most  simple  kinds,  and  oat  of 
them  elaborate  the  more  compound,  adding  to  them,  successively, 
different  systems  of  organs,  and  multiplying  more  and  more  their 
number  and  energy. 

This  Nature  is  daily  engaged  in  the  formation  of  the  elementary 
rudiments  of  animal  and  vegetable  existence,  which  correspond  to 
whnt  the  ancients  termed  tpontantotu  generation.  She  is  always 
beginning  anew,  day  by  day,  the  work  of  creation,  by  forming 
monads,  or  "  rough  draughts  "  (^bauches),  which  are  the  only  Uving 
things  she  gives  birth  to  directly. 

There  arc  distinct  primary  rudiments  of  plants  and  animals,  and 
probably  of  each  of  the  great  divisions  of  the  animal  and  vegetable 
kingdoms."  These  are  grtiduslly  developed  into  the  higher  and 
more  perfect  classes  by  the  slow  but  unceasing  agency  of  two  in- 
flucntinl  principles :  first,  the  tendmcy  lo  progressit>e  adrancement  in 
organization,  accompanied  by  greater  dignity  in  instinct,  intelligence, 
&c. ;  secondly,  the  force  of  external  circumstancet,  or  of  variations  in 
the  physical  condition  of  the  earth,  or  the  mutual  relattoiu  of  ploaU 

*  Animanx  sans  Vert.  torn.  i.  p.  56.  iDUodnction. 
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and  animals.  For,  as  species  spread  themselves  gradually  orer  the 
globe,  thej  are  exposed  from  time  to  time  to  rariations  in  climate, 
and  to  changes  in  the  quantity  and  quality  of  their  food ;  they  meet 
with  new  plants  and  animals  which  assist  or  retard  their  development, 
by  supplying  them  with  nutriment,  or  destroying  their  foes.  The 
nature,  also,  of  each  locality,  is  in  itself  fluctuating ;  so  that,  even 
if  the  relation  of  other  animals  and  plants  wero  invariable,  the  habits 
and  organization  of  species  would  be  modified  by  the  influence  of 
local  revolutions. 

Now,  if  the  first  of  these  principles,  the  tendency  to  progressive 
development,  were  left  to  exert  itself  with  perfect  freedom,  it  would 
give  rise,  says  Lamarck,  in  the  course  of  ages,  to  a  graduated  scale 
of  being,  where  the  most  insensible  transition  might  be  traced  from 
the  simplest  to  the  most  compound  structure,  from  the  humblest  to 
the  most  exalted  degree  of  intelligence.  But,  in  consequence  of  the 
perpetual  interference  of  the  external  causes  before  mentioned,  this 
regular  order  is  greatly  interfered  with,  and  an  approximation  only 
to  such  a  state  of  things  is  exhibited  by  the  animate  creation,  the 
progress  of  some  races  being  retarded  by  unfavourable,  and  that  of 
others  accelerated  by  favourable,  combinations  of  circumstances. 
Hence,  all  kinds  of  anomalies  interrupt  the  continuity  of  the  plan ; 
and  chasms,  into  which  whole  genera  or  families  might  be  inserted, 
are  seen  to  separate  the  nearest  existing  portions  of  the  series. 

Lamarck^s  theory  of  the  transformation  of  the  orang-outang  into 
the  human  species,  —  Such  is  the  machinery  of  the  Lamarckian 
system ;  but  the  reader  will  hardly,  perhaps,  be  able  to  form  a  per-  J(  r 

feet  conception  of  so  complicated  a  me<»^^ofjmechanism,  unless  it  is  -aA^^^^  ^' 
exhibited  in  motion,  so  that  we  may  see  mwhaf'fiallfieFit  can  work         '    ,  ^ 
out,  under  the  author's  guidance,  all  the  extraordinary  effects  which         '^  ,.," 
we  behold  in  the  present  state  of  the  animate  creation.    I  have  only 
space  for  exhibiting  a  small  part  of  the  entire  process  by  which  a 
complete  metamorphosis  is  achieved,  and  shall  therefore  omit  the 
mode  by  which,  after  a  countless  succession  of  generations,  a  small 
gelatinous  body  is  transformed  into  an  oak  or  an  ape ;  passing  on  at 
once  to  the  last  grand  step  in  the  progressive  scheme,  by  which  the 
orang-outang,  having  been  already  evolved  out  of  a  monad,  is  made 
slowly  to  attain  the  attributes  and  dignity  of  man. 

One  of  the  races  of  quadrumanous  animals  which  had  reached  the 
highest  state  of  perfection,  lost,  by  constraint  of  circumstances  (con- 
cerning the  exact  nature  of  which  tradition  is  unfortunately  silent), 
the  habit  of  climbing  trees,  and  of  hanging  on  by  grasping  the  boughs 
with  their  feet  as  with  hands.  The  individuals  of  this  race  being 
obliged,  for  a  long  series  of  generations,  to  use  their  feet  exclusively 
for  walking,  and  ceasing  to  employ  their  hands  as  feet,  were  trans- 
formed into  bimanous  animals,  and  what  before  were  thumbs  became 
mere  toes,  no  separation  being  required  when  their  feet  were  used 
solely  for  walking.  Having  acquired  a  habit  of  holding  themselves 
upright,  their  legs  and  feet  assumed,  insensibly,  a  conformation  fitted 
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to  Bupport  tlicm  in  nn  eruct  attiluUe,  till  at  kst  these  animals  cooU 
no  longer  go  on  all-fours  without  niucb  inconvenience. 

Tlie  Angola  orang  (  Simia  troglodi/les,  Linn.)  i»  the  motH  perftd ' 
of  animals;  mucli  more  bo  tliRn  the  Indian  orang  (^Stmia  SatyrMi\, 
which  lus  been  called  the  orang-outang,  nllhougU  bol^  are  tny 
inferior  to  man  in  corporeal  powers  and  intelligence.  These  luiiauls 
fruqucntlj  bold  themselves  upright ;  but  their  organization  lias  hoI  j/d 
been  sufliciently  modified  to  sustain  them  habitually  in  thxe  ■nito^ , 
so  that  the  standing  posture  is  very  uneasy  to  them.  When  lh|i 
Indian  onmg  is  compelled  to  take  flight  from  pressing  danger,  hi| 
immediiitely  falla  down  upon  nil-fours,  showing  clearly  that  this  WSI 
the  original  posiliou  of  tiie  animal.  Even  in  man,  whose  orgauia*' 
tion,  in  the  course  of  a  long  series  of  generations,  has  ndvanced  n  ' 
much  farther,  the  upright  posture  is  fatiguing,  and  can  be  supporud 
only  for  n  limited  time,  and  by  aid  of  the  contraction  of  luaf 
muscles.  If  the  vertebral  column  formed  the  axis  of  the  hnssM' 
body,  and  supported  the  head  and  all  the  other  parts  in  equilibria%,| 
then  might  ihe  upright  position  be  a  slate  of  repose  :  but,  as  dsi 
human  head  does  not  articulate  in  the  centre  of  gravity,  as  the  eliei^ 
belly,  and  other  parts  press  almost  entirely  forward  with  their  whole 
weight,  and  as  the  vertebral  column  reposes  upon  an  oblique  base^ 
ft  watchful  activily  is  required  to  prevent  the  t>ody  from  falling 
Children  who  have  large  hc.ids  and  froraini^ut  bellies  caii  hardly 
walk  at  the  end  even  of  two  years ;  and  their  frequent  tomblet 
indicate  the  natural  tendency  in  man  to  resume  the  qnadmpedil 
State. 

Now,  when  so  much  progress  hod  been  mode  by  the  quadmmanoiu 
animals  before  mentioned,  that  they  could  bold  tliemselves  habitually 
in  an  erect  attitude,  and  were  accustomed  to  a  wide  range  of  vision, 
and  ceased  to  use  their  jaws  for  fighting  and  tearing,  or  for  clippins 
herbs  for  food,  their  snout  became  gradually  shorter,  their  inciior 
teeth  became  vertical,  and  the  facial  angle  grew  more  open. 

Among  other  ideas  which  the  natural  tendency  to  petfeetioH  en- 
gendered, the  desire  of  ruling  suggested  itself,  and  this  rac«  succeeded 
at  length  in  getting  the  better  of  the  other  animals,  and  made  them- 
selves masters  of  all  those  spots  on  the  surface  of  the  globe  which 
best  suited  them.  They  drove  out  the  animals  which  approached 
nearest  them  in  organization  and  intelligence,  and  which  were  in  s 
condition  to  dispute  with  them  the  good  things  of  this  world,  forcin; 
them  to  take  refuge  in  deserts,  woods,  and  wildernesses,  where  their 
multiplication  was  checked,  and  the  progressive  development  of  their 
faculties  retarded;  while,  in  the  meantime,  the  dominant  race  spread 
itseir  in  every  direction,  and  lived  in  lurge  companies,  where  ne* 
wants  were  successively  created,  exciting  them  to  industry,  and 
gradually  perfecting  their  means  and  faculties. 

In  the  supremacy  and  increased  intelligence  acquired  by  the  mlinc 
race,  we  see  an  illustration  of  the  natural  tendency  of  the  organic 
world  to  grow  more  perfect ;  and,  in  their  iolluence  in  represung  tbt 
advance  of  others,  on  example  of  one  of  tliOM  disturtnog  caaaet  befon 
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enumerated,  ihvit  force  of  external  circumstances  yvhioh  causes  such 
wide  chasms  in  the  regular  series  of  animated  being. 

When  the  individuals  of  the  dominant  race  became  yerj  numerous, 
their  ideas  greatlj  increased  in  number,  and  thej  felt  the  necessity 
of  communicating  them  to  each  other,  and  of  augmenting  and  varying 
the  signs  proper  for  the  communication  of  ideas.  Meanwhile  the 
inferior  quadrumanous  animals,  although  most  of  them  were  gre- 
garious, acquired  no  new  ideas,  being  persecuted  and  restless  in  the 
deserts,  and  obliged  to  fly  and  conceal  themselves,  so  that  they  con- 
ceived no  new  wants.  Such  ideas  as  they  already  had  remained 
unaltered,  and  they  could  dispense  with  the  communication  of  the 
greater  part  of  these.  To  make  themselves,  therefore,  understood 
by  their  fellows,  required  merely  a  few  movements  of  the  body  or 
limbs — whistling,  and  the  uttering  of  certain  cries  varied  by  the 
inflexions  of  the  voice. 

On  the  contrary,  the  individuals  of  the  ascendant  race,  animated 
with  a  desire  of  interchanging  their  ideas,  which  became  more  and 
more  numerous,  were  prompted  to  multiply  the  means  of  communica- 
tion, and  were  no  longer  satisfied  with  mere  pantomimic  signs,  nor  even 
with  all  the  possible  inflexions  of  the  voice,  but  made  continual  efforts 
to  acquire  the  power  of  uttering  articulate  sounds,  employing  a  few 
at  first,  but  afterwards  varying  and  perfecting  them  according  to  the 
increase  of  their  wants.  The  habitual  exercise  of  their  throaty 
tongue,  and  lips,  insensibly  modified  the  conformation  of  these  organs, 
until  they  became  fitted  for  the  faculty  of  speech.* 

In  effecting  this  mighty  change,  '*  the  exigencies  of  the  individuals 
were  the  sole  agents ;  they  gave  rise  to  efforts,  and  the  organs  proper 
for  articulating  sounds  were  developed  by  their  habitual  employment** 
Hence,  in  this  peculiar  race,  the  origin  of  the  admirable  faculty  of 
speech ;  hence  also  the  diversity  of  languages,  since  the  distance  of 
places  where  the  individuals  composing  the  race  established  themselves 
soon  favoured  the  corruption  of  conventional  signs.t 

In  conclusion,  it  may  be  proper  to  observe  that  the  above  sketch 
of  the  Lamarckian  theory  is  no  exaggerated  picture,  and  those 
passages  which  have  probably  excited  the  greatest  surprise  in  the 
mind  of  the  reader  are  literal  translations  from  the  original. 

*  Lamarck's  FhiL  ZooL  torn.  L  p.  356.  f  ^id*  P*  957. 
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TnAIBMnTATlON   OF  SPECIES — COnttHUetL 

Bcc^taliitiDii  of  the  orgumeDU  in  favonr  of  the  theo^  of  trannnuution  of  ftte 
—  Hieir  inmSciencj  —  CsoBes  of  difficoJrj  in  diacriminndng  ipccicS'-SaM 
Tuicties  pouibt/  more  disiioct  than  ceruin  individuals  of  lUniart  ipidw 
Tariabililj  In  a  (pedes  vonffiMenl  with  a  b«lief  that  tbc  liiuiti  of  dniafioi  m 
ixed  —  Ko  facts  of  tranimuUtian  aaihonticiucil — Variuii^  of  the  Dof — k 
Dog  and  Wolf  diatiDct  apecics—  Huniuiicj  of  varloui  oiiiiiuils  fnjin  Egrft  ite- 
lical  in  chaivclcr  with  livini;  iniiividiials  —  Scuils  und  plauu  rnnn  [be  EcfjalH 
tombs  —  MixliScatiotu  produced  in  plants  \ij  agricnlturc  and  g^Tdcniiig. 

The  theory  of  tbo  transmutatioD  of  species,  considered  in  th/f  lut 
chapter,  has  met  with  gome  decree  of  fuvour  (Vom  many  natontUt% 
from  their  desire  to  dispense,  as  far  la  possible,  with  the  repeitd 
interrenlion  of  a  First  Cause,  as  often  as  geological  monumeots  ttM 
the  Bucceseive  appearance  of  new  races  of  animals  and  plants,  ud  lb( 
extinction  of  those  pre-existing.  But.  independently  of  a  prtiOipt- 
sition  to  account,  if  possible,  for  a  series  of  changes  id  the  orjnlt 
world  by  the  regular  nction  of  secondary  causes,  we  have  seen  ihil 
in  truth  many  perplexing  difBculties  present  themselves  to  one  wiu 
attempts  to  establish  the  nature  and  reality  of  the  specific  characttf- 
And  if  once  there  appears  ground  of  reasonable  doubt,  in  regard  » 
the  constancy  of  species,  the  amount  of  t  ran  e  form  at  ion  which  ihcj 
ore  capable  of  undergoing  may  seem  to  resolve  itself  into  a  men 
question  of  the  quantity  of  time  assigned  to  the  paal  duratioD  cS 
animate  existence. 

Before  entering  upon  the  reasons  which  may  be  adduced  inr 
rejecting  Lamarck's  hypotheaj^  J  shall  recapitalate^  la  e  ft^  wordi. 
the  phenomena,  and  the  whole  train  of  thought,  by  which  I  conccrre 
'  it  to  have  been  suggested,  and  which  have  gained  for  this  and  anv 
logoua  theories,  both  in  ancient  and  modem  times,  a  considerable 
number  of  votaries. 

In  the  first  place,  the  various  groups  into  which  plants  and  animili 
may  be  thrown  seem  almost  invariably,  to  a  beginner,  to  be  so 
natural,  that  he  is  usually  convinced  at  first,  as  was  Linntena  to  ibe 
last,  "  that  genera  are  as  much  founded  in  nature  as  the  species  which 
compose  them."*  When  by  examining  the  numerous  intermediaK 
gradations  the  student  finds  all  lines  of  demarcation  to  be  in  mart 
instances  obliterated,  even  where  they  at  Urst  appeared  most  distiiKt, 
he  grows  more  and  more  sceptical  as  to  the  real  existence  of  genen, 
and  finally  regards  them  as  mere  arbitrary  and  artificial  signi. 
invented,  like  those  which  serve  to  distinguish  the  heavenly  constd- 
lations,  for  the  convenience  of  classification,  and  having  as  little  pre- 
tensions to  reality. 

*  G«nnB  omne  est  uatnnle,  ia  primordio  tale  Gtcatam.  &c     Phil,  BoL  i  lA 

See  also  ibid.  ^  \6a. 
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Doubts  are  then  engendered  in  his  mind  as  to  whether  species  may 
not  also  be  equally  unreal  The  student  is  probably  first  struck  with 
the  phenomenon,  that  some  individuals  are  made  to  deviate  widely 
from  the  ordinary  type  by  the  force  of  peculiar  circumstances,  and 
with  the  still  more  extraordinary  fact,  that  the  newly  acquired 
peculiarities  are  faithfully  transmitted  to  the  offspring.  How  far, 
he  asks,  may  such  variations  extend  in  the  course  of  indefinite  periods 
of  time,  and  during  great  vicissitudes  in  the  physical  condition  of  the 
globe  ?  His  growing  incertitude  is  at  first  checked  by  the  reflection 
that  nature  has  forbidden  the  intermixture  of  the  descendants  of 
distinct  original  stocks,  or  has,  at  least,  entailed  sterility  on  their 
offspring,  thereby  preventing  their  being  confounded  together,  and 
pointing  out  that  a  multitude  of  distinct  types  must  have  been 
created  in  the  beginning,  and  must  have  remained  pure  and  uncor- 
rupted  to  this  day. 

Belying  on  this  general  law,  he  endeavours  to  solye  each  difficult 
problem  by  direct  experiment,  until  he  is  again  astounded  by  the 
phenomenon  of  a  prolific  hybrid,  and  still  more  by  an  example  of  a 
hybrid  perpetuating  itself  throughout  several  generations  in  the 
vegetable  world.  He  then  feeb  himself  reduced  to  the  dilemma  of 
choosing  between  two  alternatives ;  either  to  reject  the  test,  or  to 
declare  that  the  two  species,  frdm  the  union  of  which  the  fruitful 
progeny  has  sprung,  were  mere  varieties.  If  he  prefer  the  latter,  he 
is  compelled  to  question  the  reality  of  the  distinctness  of  all  other 
supposed  species  which  differ  no  more  than  the  parents  of  such  pro- 
lific hybrids ;  for  although  he  may  not  be  enabled  immediately  to 
procure,  in  all  such  instances,  a  fruitful  offspring ;  yet  experiments 
show,  that  after  repeated  failures,  the  union  of  two  recognized  species 
may  at  last,  under  very  favourable  circumstances,  give  birth  to  a 
fertile  progeny.  Such  circumstances,  therefore,  the  naturalist  may 
conceive  to  have  occurred  again  and  again,  in  the  course  of  a  great 
lapse  of  ages. 

His  first  opinions  are  now  fairly  unsettled,  and  every  stay  at  which 
he  has  caught  has  given  way  one  after  another ;  he  is  in  danger  of 
falling  into  any  new  and  visionary  doctrine  which  may  be  presented 
to  him ;  for  he  now  regards  every  part  of  the  animate  creation  as 
void  of  stability,  and  in  a  state  of  continual  fiux.  In  this  mood  he 
encounters  the  Geologist,  who  relates  to  him  how  there  have  been 
endless  vicissitudes  in  the  shape  and  structure  of  organic  beings  in 
former  ages  —  how  the  approach  to  the  present  system  of  things  has 
been  gradual  —  that  there  has  been  a  progressive  development  of 
organization  subservient  to  the  purposes  of  life,  from  the  most  simple 
to  the  most  complex  state — that  the  appearance  of  man  is  the  last 
phenomenon  in  a  long  succession  of  events — and,  finally,  that  a  serieflT) 
of  physical  revolutions  can  be  traced  in  the  inorganic  world,  coeval  / 
and  co«extensive  with  those  of  organic  nature.  . I 

These  views  seem  immediately  to  confirm  all  his  preconceived 

doubts  as  to  the  stability  of  the  specific  character,  and  he  begins  to 

think  there  may  exist  an  inseparable  connection  betwe«a  %  «en»a  ^ 
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changes  in  the  inanimate  world,  nnd  tlic  capability  of  tlie  speciei  N 
be  indefinitely  modiiiBd  by  the  inlluenee  of  externa.)  rircumstsncs. 
Henceforth  his  apecnlntions  know  no  definite  bounds  :  be  gives  d* 
rein  to  conjecture,  nnd  faiicies  that  the  outward  form,  intrrnd 
structure,  instinctive  faculties,  nay,  that  reason  itself  may  have  beA 
gradually  developed  from  some  of  the  simplest  states  of  existenee-* 
that  all  nnimals,  that  man  himself,  and  the  irrational  beings, 
have  had  one  common  origin;  that  all  mny  be  parts  of  one  continuoMi 
and  progressive  scheme  of  developmeDt,  from  the  moat  inperfert  li 
the  more  complex  ;  in  fine,  he  renounces  bis  belief  ia  the  high 
alogy  of  his  species,  and  looiis  forward,  as  if  in  compensntioo^. 
future  perfectibility  of  man  in  his  physical,  intellectual, 
mtribut&i. 
-  Let  us  now  proceed  to  consider  what  is  defectiva  in  cviji 
what  fallacious  in  reasoning,  in  the  grounds  of  tiifi^e^^trann 
elusions.  Blumenbach  judiciously  observes,  that  "  no  gencnl 
«ii  be  laid  down  for  determining  the  distinctness  of  species,  a*  i 
IB  no  particular  class  of  characters  which  can  servo  as  a  criien<&| 
In  each  case  we  must  be  guided  by  analogy  and  prohability, 
multitude,  in  fact,  and  complexity  of  the  proofs  lo  be  wrigh«d  tf  it' 
great,  that  wo  can  only  liope  to  obtain  presumptive  evidence,  an<J  we 
must,  therefore,  be  the  more  careful  to  drrivu  our  general  views  a* 
much  as  possible  from  those  observations  where  the  chances  of  de- 
ception are  least.  Wc  must  be  on  our  guard  not  to  tread  in  lb* 
footsteps  of  the  naturalists  of  the  middle  nge,%  who  believed  tb* 
doctrine  of  spontaneous  generation  to  be  applicable  to  all  those  pani 
of  the  aoimol  and  vegetable  kingdoms  which  they  least  undcrttood, 
in  direct  contradiction  to  the  analogy  of  all  the  parts  best  koown  to 
them  ;  and  who,  when  at  length  they  found  that  insects  and  crypto 
gamoua  plants  were  also  propagated  from  eggs  or  seed?,  still  perotatcd 
in  retaining  their  old  prejudices  respecting  the  infuaory  animalmlM 
and  other  minute  beings,  the  generation  of  which  had  not  th« 
been  demonstrated  by  the  microscope  to  be  governed  by  the  mim 
laws. 

Lamarck  has,  indeed,  attempted  to  raise  an  argument  in  favotirrf 
his  system,  out  of  the  very  confusion  which  has  arisen  in  the  Modj 
of  sume  orders  of  animals  and  plants,  in  consequence  of  the  sligta 
shades  of  difference  which  separate  the  new  species  diaoovotJ 
within  the  last  half  century.  That  the  embarrassment  of  tboe 
who  attempt  to  classify  and  distinguish  the  new  acquisilioos,  pound 
in  such  multitudes  into  our  museums,  should  increase  with  ik 
augmentation  of  their  number,  is  qnite  natural ;  since  to  obviab 
tliis,  it  is  not  enough  tliat  our  powers  of  discrimination  shoald  kocf 
pace  with  the  increase  of  the  objects,  but  we  ought  to  pos^ss  grMta 
opportunities  of  studying  each  nnimal  and  plant  in  nil  utagea  d 
its  growth,  and  to  know  profoundly  their  history,  tlieir  habiis,  nl 
physiological  characters,  througlioul  several  gtu'Tntions  ;  for.  tt 
proportion  as  the  series  of  known  animals  grows  more  complete, 
none  can  doulit  l^ietoi^  a.iv«^ai&'E  ftv^Nximalion  lo  a  graduated  acalr 
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of  being ;  and  thus  the  most  closely  allied  species  will  be  found  to  i 

'^'^ssess  a  greater  number  of  characters  in  common.  Xttyv 

Causes  of  the  difficulty  of  discriminating  species. — But,  in  poinV^i^gy^ 
fact,  our  new  acauisitions  consisL  more  and  more  as  we  advance,  v'^^ 


of  fact,  our  new  acquisitions  consist,  more  and  more  as  we  advance, 
of  specimens  brought  from  foreign  and  often  very  distant  and  bar- 
barous countries.  A  large  proportion  have  never  even  been  seen 
alive  bj  scientific  inquirers.  Instead  of  having  specimens  of  the 
young,  the  adult,  and  the  aged  individuals  of  each  sex,  and  possessing 
means  of  investigating  the  anatomical  structure,  the  peculiar  habits, 
and  instincts  of  each,  what  is  usually  the  state  of  our  information  ? 
A  single  specimen,  perhaps,  of  a  dried  plant,  or  a  stuffed  bird  or 
quadruped  ;  a  shell,  without  the  soft  parts  of  the  animal ;  an  insect 
in  one  stage  of  its  numerous  transformations ; — these  are  the  scanty 
and  imperfect  data  which  the  naturalist  possesses.  Such  information 
may  enable  us  to  separate  species  which  stand  at  a  considerable 
distance  from  each  other ;  but  we  have  no  right  to  expect  any  thing 
but  difficulty  and  ambiguity,  if  we  attempt,  from  such  imperfect 
opportunities,  to  obtain  distinctive  marks  for  defining  the  characters 
of  species  which  are  closely  related. 

If  Lamarck  could  introduce  so  much  certainty  and  precision  into 
the  classification  of  several  thousand  species  of  recent  and  fossil 
shells,  notwithstanding  the  extreme  remoteness  of  the  organization 
of  these  animals  from  the  type  of  those  vertebra  ted  species  which  are 
best  known,  and  in  the  absence  of  so  many  of  the  living  inhabitants 
of  shells,  we  are  led  to  form  an  exalted  conception  of  the  degree  of 
exactness  to  which  specific  distinctions  are  capable  of  being  carried, 
rather  than  to  call  in  question  their  reality. 

When  our  data  are  so  defective,  the  most  acute  naturalist  must 
expect  to  be  sometimes  at  fault,  and,  like  the  novice,  to  overlook 
essential  points  of  difference,  passing  unconsciously  from  one  species 
to  another,  until,  like  one  who  is  borne  along  in  a  current,  he  is 
astonished  on  looking  back,  at  observing  that  he  has  reached  a  point 
80  remote  from  that  whence  he  set  out. 

It  is  by  no  means  improbable,  that,  when  the  series  of  species  of 
certain  genera  is  very  full,  they  may  be  found  to  differ  less  widely 
from  each  other  than  do  the  mere  varieties  or  races  of  certain  species. 
If  such  a  fact  could  be  established,  it  would,  undoubtedly,  diminish 
the  chance  of  our  obtaining  certainty  in  our  results ;  but  it  would  by 
no  means  overthrow  our  confidence  in  the  reality  of  species. 

Some  mere  varieties  possibly  more  distinct  than  certain  individuals 
of  distinct  speci*is, — It  is  almost  necessary,  indeed,  to  suppose  that 
varieties  will  differ  in  some  cases  more  decidedly  than  some  species,  if 
we  admit  that  there  is  a  graduated  scale  of  being,  and  assume  that  the 
following  laws  prevail  in  the  economy  of  the  animate  creation :  — 
^  first,  that  the  organization  of  individuals  is  capable  of  being  modified 
to  a  limited  extent,  by  the  force  of  external  causes;  secondly,  that 
these  modifications  are,  to  a  certain  extent,  transmissible  to  their 
offspring;  thirdly,  that  there  are  fixed  limits,  beyond  which  the 
descendants  from  common  parents  can  never  deviate  from  a  c«x\a^sl 
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I  type ;  fourthly,  that  each  species  springs  from  one  original  stock,  and 
can  nevei-  be  permaneatly  confounded  by  intennixing  with  tbe  pr> 
geny  nf  any  other  stock  ;  fifthly,  that  ea(ii  species  shall  eiidur«  for  i 
considerable  period  of  time.  Now,  let  us  assume,  for  tbe  preseai 
these  rules  hypotheticaily,  and  see  what  consequences  maj  nattmSf 
*^,       be  expected  to  result  from  them. 

p\.  n  ^£_^iiist_sui)gose  that  when  tlie  Author  of  Nature  creates  u 
^  ^^^  animal  or  plant,  aU  the  possihie  circumstances  in  which  its  de«on4* 
W^  wts  are  destined  to  live  arc  foreseen,  and  that  an  or^ftnication  il 
^^  conferred  upon  it  which  will  enable  the  species  to  perpetiwU!  iiaelf 
and  surrive  ander  all  the  varying  circumstances  lo  which  it  tnnst  b« 
inevilably  exposed.  Now,  the  range  of  variation  of  circuouisiHB 
will  -differ  essentially  in  almost  every  case.  Let  us  take,  for  exitn^iK 
any  one  of  the  most  influential  conditions  of  eziatence,  auch  u  tem- 
perature. In  some  extensive  districta  near  the  i-quator,  the  ihor- 
mometer  might  never  vary,  throughout  several  ihousund  ccninria^ 
for  more  than  20°  Fdirenheit :  so  that  if  a  plant  or  animal  be  ;>«• 
Tided  with  an  organization  fitting  it  to  endure  such  a  rang-ei  it  vecf 
continue  on  the  globe  for  that  immense  period,  although  eroj 
indtTidual  might  be  liable  at  once  to  be  cut  off  by  the  least  posnUt 
excess  of  heat  or  cold  beyond  the  determinate  degree.  Bui  if  a 
species  be  plnced  in  one  of  the  temperate  zones,  and  have  a  conslito- 
tion  conferred  on  it  eapable  of  supporting  a  similar  range  of  tea- 
perature  only,  it  will  inevitably  perish  before  a  single  year  has  psavd 
away. 

Humboldt  has  shown  that,  at  Cumana,  within  the  tropics,  there  il 
a  difference  of  only  4"  Fahr.  between  the  temperature  of  the  wann- 
est and  coldest  months ;  whereas,  in  the  temper^ite  zones,  the  annoal 
Tariation  amounts  to  about  60",  and  the  extreme  range  of  the  Ibn^ 
mometer  in  Cnnada  is  not  less  than  90°. 

The  same  remark  might  be  applied  to  any  other  condition,  as  foo^ 
for  example;  it  may  be-foreaeen  that  the  supply  will  be  regoUr 
throughout  indefinite  periods  in  one  part  of  the  world,  and  in  another 
very  precariouB  and  fiuctuating  both  in  kind  and  quantity.  Different 
qualifications  may  be  required  for  enabling  species  to  live  for  a  coii- 
siderable  time  under  circumstances  so  changeable.  If,  then,  taiu 
perature  and  food  be  among  those  external  causes  whicli,  according 
to  certain  laws  of  animal  and  vegetable  physiology,  modify  tbe 
oi^anization,  form,  or  faculties,  of  individuals,  we  in^inntly  pcrceiv* 
that  the  degrees  of  variability  from  a  common  stand:ird  must  differ 
widely  in  the  two  cases  above  supposed ;  since  there  is  a  necessity  of 
accommodating  a  species  in  one  case  to  a  much  greater  latitude  of 
circumstances  than  in  the  other. 

If  it  be  a  law,  for  instance,  that  scanty  sustenance  should  che<^ 
those  individuals  in  their  growth  which  arc  enabled  to  accommodate 
themselves  to  privations  of  this  kind,  and  that  a  parent,  prevented 
in  this  manner  from  attaining  the  size  proper  (o  its  <:pecie£,  should 
prodace  a  dwarfish  offspring,  a  stunted  race  will  arise,  as  is  re- 
innrfcahly  ex«iaipMeA  Vn  «aiaft  ^arietiea  of  the  horse  and  dog.     The 
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difference  of  stature  in  some  races  of  dogs,  when  compared  to  others^ 
is  as  one  to  fire  in  linear  dimensions,  making  a  difference  of  a 
hundred-fold  in  volume.*  Now,  there  is  a  good  reason  to  belieTd 
that  species  in  general  are  by  no  means  susceptible  of  existing  under 
a  diversity  of  circumstances,  which  may  give  rise  to  such  a  disparity 
in  size,  and,  consequently,  there  will  be  a  multitude  of  distinct^ 
species,  of  which  no  two  adult  individuals  can  ever  depart  so  widely 
from  a  certain  standard  of  dimensions  as  the  mere  varieties  of 
certain  other  species — the  dog,  for  instance.  Now,  we  have  only  to 
suppose  that  what  is  true  of  size,  may  also  hold  in  regard  to  colour 
and  many  other  attributes ;  and  it  will  at  once  follow,  that  the  degree 
of  possible  discordance  between  varieties  of  the  same  species  may,  in 
certain  cases,  exceed  the  utmost  disparity  which  can  arise  between 
two  individuals  of  many  distinct  species. 

The  same  remarks  may  hold  true  in  regard  to  instincts ;  for,  if  it 
be  foreseen  that  one  species  will  have  to  encounter  a  great  variety 
of  foes,  U™5jJic  necessaryto  arm  it  with  great  cunning  and  cir- 
cumspection, or  with  courage  orolhefqualities  capable  of  developing 
themselves  on  certain  occasions ;  such,  for  example,  as  those  mi- 
gratory instincts  which  are  so  remarkably  exhibited  at  particular 
periods,  after  they  have  remained  dormant  for  many  generations. 
The  history  and  habits  of  one  variety  of  such  a  species  may  often 
differ  more  considerably  from  some  other  than  those  of  many  distinct 
species  which  have  no  such  latitude  of  accommodation  to  circum- 
stances. 

Extent  of  known  variability  in  species, — Lamarck  has  somewhat 
mis-stated  the  idea  commonly  entertained  of  a  species ;  for  it  is  not 
true  that  naturalists  in  general  assume  that  the  organisation  of  an 
animal  or  plant  remains  absolutely  constant,  and  that  it  can  never 
vary  in  any  of  its  parts.")*  All  must  be  aware  that  circumstances 
influence  the  habits,  and  that  the  habits  may  alter  the  state  of  the 
parts  and  organs ;  but  the  difference  of  opinion  relates  to  the  extent  ^ 
to  which  these  modifications  of  the  habits  and  organs  of  a  particular 
species  may  be  carried. 

Now,  let  us  first  inquire  what  positive  facts  can  be  adduced  in  the 
history  of  known  species,  to  establish  a  great  and  permanent  amount 
of  change  in  the  form,  structure,  or  instinct  of  individuals  descending 
from  some  common  stock.  The  best  authenticated  examples  of  the 
extent  to  which  species  can  be  made  to  vary  may  be  looked  for  in 
the  history  of  domesticated  animals  and  cultivated  plants.  It  usually 
happens,  that  those  species,  both  of  the  animal  and  vegetable  king- 
dom, which  have  the  greatest  pliability  of  organization,  those  which 
are  most  capable  of  accommodating  themselves  to  a  great  variety  of 
new  circumstances,  are  most  serviceable  to  man.  These  only  can 
be  carried  by  him  into  different  climates,  and  can  have  their  pro- 
perties or  instincts  variously  diversified  by  differences  of  nourishment 
and  habits.     K  the  resources  of  a  species  be  so  limited,  and  its  habits 

*  CuTier,  Difconn  I^limin.  p.  128.  f  Phil.  Zool  tonu  L  V  %^ft* 

p  p  4 
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■nd  faculties  be  of  such  n  coD6ne<1  and  local  chnrticbir,  that  tt  « 
only  flourish  in  a  few  porliculor  BpDt3,  it  can  rare);  be  of  pM 
utility. 

We  may  consider,  therefore,  that  in  the  domestication  of  tmaA 

and  the  cultivation  of  plants,  mankind  have  first  selected  ibose  Kpraa 

which  hitve  the  most  flexible  frnmes  and  constilutiona,  and  hate  tka 

been  engaged  for  ages  in  conducting  a  series  of  ex  peri  tu  eats,  nti 

^inuch  patience  and  at  great  cost,  to  ascertain  what  may  be  the  gnaWl 

I    po&sible  deviation  from  a  common  type  which  can  be  elicited  is  tba 

l_   extreme  cases. 

VarielUs  of  Ike  dog  —  no  trammutation.  —  Tbe  ninilifiiBlii 
produced  in  the  different  races  of  dogs  exhibit  the  influence  of  ^s 
in  the  most  sinking  point  of  view.  These  animals  have  been  tiM»- 
ported  into  every  climate,  and  placed  in  every  variety'  of  i.iniM 
stances;  they  have  been  made,  as  a  modem  naturalist  obserrea,  tia 
servant,  the  compaaion,  the  guardiao,  and  the  intimate  frieat  tf 
man,  and  the  power  of  a  Buperior  genius  has  had  a  wooderful  tDb> 
euce  not  only  on  their  forms,  but  on  their  mannerv  and  int>;]UgnH,* 
Different  races  have  undergone  remarkable  changes  in  the  qiHBtii^ 
and  colour  of  their  clothing;  the  dogs  of  Guinea  nre  almost  ■■&«(' 
while  those  of  the  arctic  circle  are  covered  with  a  warm  coat  bolktf 
hair  and  woo!,  which  enables  them  to  bear  the  most  intense  cold  wot 
out  inconvenience.  Tliere  are  difl(;rt:nccs  also  of  another  kiod  w 
less  remarhahle,  as  in  size,  the  length  of  their  muzzles,  and  the  raft- 
vexity  of  their  foreheads. 

But,  if  we  look  for  some  of  those  essential  changes  wbicJi  woiiH 
be  required  to  lend  even  the  semblance  of  a  foundation  for  the  th«q 
of  Lamarck,  respecting  the  growth  of  new  organs  ond  itie  gradot 
obliteration  of  others,  we  £nd  nothing  of  the  kind.  For,  in  all  the* 
varieties  of  the  dog,  says  Cuvier,  the  relation  of  the  bones  with  nA 
otber  remains  essentially  the  same ;  the  form  of  the  teeth  neitr 
changes  in  any  perceptible  degree,  except  that,  in  some  individaalir 
one  additional  false  grinder  occasionally  appears,  sometimes  on  tb 
one  side,  and  sometimes  on  the  other.t  The  greatest  departure  &«■ 
a  common  type — and  it  constitutes  the  maximum  of  variation  as^ 
known  in  the  animal  kingdom — is  excmphtied  in  those  races  of  iafs 
which  have  a  supernumemry  toe  on  the  hind  foot  with  the  ctf- 
responding  tarsal  bones ;  a  variety  analogous  to  one  presented  by  «1- 
fingered  families  ofilie  human  race.J 

Lamarck  has  thrown  out  as  a  conjecture,  that  the  wolf  may  hff* 
been  the  original  of  the  dog;  and  eminent  naturalists  arc  still  diitdJ 
in  opinion  on  this  subject.  It  seems  now  admitted  that  both  speci™ 
agree  in  the  period  of  gestation,  and  Sir.  Owen  has  been  unabie  » 
confirm  the  alleged  difference  in  the  structure  of  a  part  of  ih«  it- 
testinal  caual.§     Mr.  Bell  inclines  to  the  opinion  that  all  the  vaiia* 

*  Dorcsu  de  la  Malle.  An.  Ae*  ScL        I  nnd. 
IfM.loni.iiL  p.  M.  Sept.  1830.  §  Guldcnsladt,  cilFd    h»    I^ilrtei 

\  Disc  Pi*\. p.  U9. «cuii «to\<in-         Pbji.  HiK.  of  Haoldnd,  ti4.  i.  p,  K 
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races  of  dogs  haye  descended  from  one  common  stock,  of  which  the 
wolf  is  the  original  source.* 

It  is  well  known  that  the  horse»  the  ox,  the  hoar,  and  other 
domestic  animals  which  have  heen  introduced  into  South  America, 
and  have  run  wild  in  many  parts,  have  entirely  lost  all  marks  of 
domesticity,  and  have  reverted  to  the  original  characters  of  their 
species.  But  dogs  have  also  hecome  wild  in  Cuha,  Hayti,  and  in  all 
the  Caribbean  islands.  In  the  course  of  the  seventeenth  century, 
they  hunted  in  packs  from  twelve  to  fifty,  or  more,  in  number,  and 
fearlessly  attacked  herds  of  wild  boars  and  other  animals.  It  is 
natural,  therefore,  to  inquire  to  what  form  they  reverted?  Now, 
they  are  said  by  many  travellers  to  have  resembled  very  nearly  the 
shepherd's  dog ;  but  it  is  certain  that  they  were  never  turned  into 
wolves  They  were  extremely  savage,  and  their  ravages  appear  to 
have  been  as  much  dreaded  as  those  of  wolves ;  but  when  any  of 
their  whelps  were  cdught,  and  brought  from  the  woods  to  the  towns, 
they  grew  up  in  the  most  perfect  submission  to  man. . 

Many  examples  might  be  adduced  to  prove  that  the  extent  to^ 
which  the  alteration  of  species  can  be  pushed  in  the  domestic  state 
depends  on  the  original  capacity  of  the  species  to  admit  of  variation. 
The  horse  has  been  as  long  domesticated  as  the  dog,  yet  its  different 
races  depart  much  less  widely  from  a  common  type ;  the  ass  has  been 
still  less  changed,  the  camel  scarcely  at  all ;  yet  these  species  have 
probably  been  subjected  to  the  influence  of  domestication  as  long  as 
the  horse. 

Mummies  of  animals  in  Egyptian  tombs  identical  toith  species  still  '  ^t 

living, — As  the  advocates  of  the  theory  of  transmutation  trust  much  '^V^^*  -^ 
to  the  slow  and  insensible  changes  which  time  may  work,  they  are  '   ^ 

accustomed  to  lament  the  absence  of  accurate  descriptions,  and  figures       nA^ 
of  particular  animals  and  plants,  handed  down  from  the  earliest  -^ 

periods  of  history,  such  as  might  have  afibrded  data  for  comparing 
the  condition  of  species,  at  two  periods  considerably  remote.  But, 
fortunately,  we  are  in  some  measure  independent  of  such  evidence : 
for,  by  a  singular  accident,  the  priests  of  Egypt  have  bequeathed  to 
us,  in  their  cemeteries,  that  information  which  the  museums  and 
works  of  the  Greek  philosophers  have  failed  to  transmit. 

For  the  careful  investigation  of  these  documents,  we  are  greatly 
indebted  to  the  skill  and  diligence  of  those  naturalists  who  accom- 
panied the  French  armies  during  their  brief  occupation  of  Egypt : 
that  conquest  of  four  years,  from  which  we  may  date  the  improve- 
ment of  the  modern  Egyptians  in  the  arts  and  sciences,  and  the  rapid 
progress  which  has  been  made  of  late  in  our  knowledge  of  the  arts 
and  sciences  of  their  remote  predecessors.  Instead  of  wasting  their 
whole  time,  as  so  many  preceding  travellers  had  done,  in  exclusively 
collecting  human  mummies,  M.  Geoffrey  and  his  associates  examined 
diligently,  and  sent  home  great  numbers  of  embalmed  bodies  of  con- 
secrated animals,  such  as  the  bull,  the  dog,  the  cat,  the  ape,  the 
ichneumon,  the  crocodile,  and  the  ibis* 

*  Histojy  oi  British  Qnadmpeds,  p.  SCyO.  \%^1. 
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To  those  who  havo  never  been  ftccuslomed  to  connect  tlw  facU  of 
Natural  History  witli  philosophical  BpecuUtions,  who  bare  Btnr 
raised  their  conceptioas  of  the  nod  and  import  of  such  stadiBB  bejH^ 
the  mere  admiration  of  iBolal^d  and  beauliful  objects,  or  the  exetllM 
of  skill  in  detecting  specific  differences,  it  will  seem  incredible  thai 
amidst  the  din  of  arms,  and  the  Btirring  excitement  of  politiral  mon- 
mentg,  so  much  enthusiasm  could  have  been  felt  in  regard  to  ibm 
precious  rem n ins. 

In  the  official  report,  drawn  up  by  the  ProfejsorB  of  the  Muwna 
at  Paris,  on  the  value  of  these  object",  there  are  some  eloqoeal 
passages,  which  may  appear  extrarn^nt,  unless  we  reflect  ho*  f«Hy 
these  naturalists  could  appreciate  the  bearing  of  the  factfi  thus  brooglit 
to  light  on  the  past  history  of  the  globe. 

"  It  seems,"  say  they,  "  as  if  the  superstition  of  the  anoOBt 
Egyptians  had  been  inspired  by  Nature,  with  a  view  of  trmniBtittiiK 
to  after  ages  a  monument  of  her  history.  ITiat  extraordinary  aai 
eccentric  people,  by  embalming  with  so  much  care  the  brutes  mlilk 
were  the  objecta  of  their  stupid  adoration,  have  left  ua,  in  their  Bwral 
grottos,  cabinets  of  zoology  almost  complete.  The  climate  hai  MV 
spired  with  the  art  of  embalming  to  preserve  the  biKtiea  from  ear* 
rnption,  and  we  can  now  assure  oursclve,"  by  our  own  eyes  what  w»» 
the?l;ui:  r.fugn-:il  niiriil..-i-  .-.f  ,-]..>rics  tbm'  ili..ii:::iiul  yt-i'irs  ago.  W,- 
can  scarcely  restrain  the  transports  of  our  imagination,  on  beholding 
thus  preserved,  with  their  minutest  bones,  with  the  smallect  portiooi 
of  their  skin,  and  in  every  particular  most  perfectly  recc^tiable, 
many  an  animal,  which  at  Thebes  or  Sfemphis,  two  or  three  thonnnd 
years  ago,  had  its  own  priests  and  altars."* 

Among  the  Egypt'""  mummies  thus  procured  were  not  only  thoae 
of  numerous  wild  quadrupeds,  birds,  and  reptiles;  but,  what  wt> 
perhaps  of  still  higher  importance  in  deciding  the  great  qoestioa 
under  discussion,  there  were  the  mummies  of  domestic  animal^ 
among  which  those  above  mentioned,  the  bull,  the  dog,  and  the  cat, 
were  frequent.  Now,  such  was  the  conformity  of  the  whole  of  these 
species  to  those  now  living,  that  there  was  no  more  difference,  saya 
Guvier,  between  them  than  between  the  human  mummies  and  the 
embalmed  bodies  of  men  of  the  present  day.  Yet  some  of  these 
animals  have  since  that  period  been  transported  by  man  to  almod 
every  climate,  and  forced  to  accommodate  their  habits  to  the  greater 
variety  of  circumstances.  The  cat,  for  example,  has  been  carried 
over  the  whole  earth,  and,  within  the  last  three  centuries,  has  beei 
naturalized  in  every  part  of  the  new  world, —  from  the  cold  r^iou 
of  Canada  to  the  tropical  plains  of  Guiana ;  yet  it  has  scarcely  uitdtr* 
gone  any  perceptible  mutation,  and  is  still  the  same  animal  whict 
was  held  sacred  by  the  Egyptians. 

Of  the  ox,  undoubtedly,  there  are  many  very  distinct  nces;  hat 
the  bull  Apis,  which  was  led  in  solemn  processions  by  the  Egyptiu 
priests,  did  not  differ  from  some  of  those  now  living.     The  black 
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cattle  that  have  run  wild  in  America,  where  there  were  many 
peculiarities  in  the  climate  not  to  be  found,  perhaps,  in  any  part  of 
the  old  world,  and  where  scarcely  a  single  plant  on  which  they  fed 
was  of  precisely  the  same  species,  instead  of  altering  their  form  and 
habits,  have  actually  reverted  to  the  exact  likeness  of  the  aboriginal 
wild  cattle  of  Europe. 

In  answer  to  the  arguments  drawn  from  the  Egyptian  mummies, 
Lamarck  said  they  were  identical  with  their  living  descendants 
Sn  the  same  country,  because  the  climate  and  physical  geography  of 
the  banks  of  the  Nile  have  remained  unaltered  for  the  last  thirty 
centuries.  But  why,  it  may  be  asked,  have  other  individuals  of 
these  species  retained  the  same  characters  in  many  different  quarters 
of  the  globe,  where  the  climate  and  many  other  conditions  are  so 
varied  ? 

Seeds  and  plants  from  the  Egyptian  tombs,  —  The  evidence 
derived  from  the  Egyptian  monuments  was  not  confined  to  the 
animal  kingdom ;  the  fruits,  seeds,  and  other  portions  of  twenty 
different  plants,  were  faithfully  preserved  in  the  same  manner ;  and 
among  these  the  common  wheat  was  procured  by  Delille,  from  closed 
vessels  in  the  sepulchres  of  the  kings,  the  grains  of  which  retained 
not  only  their  form,  but  even  their  colour;  so  effectual  has  proved 
the  process  of  embalming  with  bitumen  in  a  dry  and  equable  climate. 
No  difference  could  be  detected  between  this  wheat  and  that  which 
now  grows  in  the  East  and  elsewhere ;  and  in  regard  to  the  barley, 
I  am  informed  by  Mr.  Brown,  the  celebrated  botanist,  that  its 
identity  with  the  grain  of  our  own  times  can  be  tested  by  the 
closest  comparison.  On  examining,  for  example,  one  of  the  seeds 
from  Mr.  Sam's  Egyptian  collection  in  the  British  Museum,  it  is 
found  that  "the  structure  of  the  husks  or  that  part  of  the  flower 
which  is  persistent,  agrees  precisely  with  the  barley  of  the  present 
day,  in  having  one  perfect  flower  and  the  filiform  rudiments  of 
a  second."  Some  naturalists  believe  that  the  perfect  identification 
of  the  ancient  Egyptian  cerealia  with  the  varieties  now  cultivated 
has  been  carried  still  farther,  by  sowing  the  seeds  taken  out  of  the 
catacombs,  and  raising  plants  from  them;  but  we  want  more 
evidence  of  this  fact.  Certain  it  is,  that  when  the  experiment  was 
recently  made  in  the  botanic  garden  at  Eew,  with  100  seeds  of 
wheat,  barley,  and  lentils,  from  the  Egyptian  collection  before  men- 
tioned of  the  British  Museum,  not  one  of  them  would  germinate.* 

Native  country  of  the  common  wheat — And  here  I  may  observe 

*  I  by  no  means  wish  to  express  an  they  had  procnred  the  grains  in  question, 

opinion  that  seeds  cannot  retain  their  not  directly  fh)m  the  catacombs,  bat 

Titality  after  an  entombment  of  3000  from  the  Arabs,  who  are  alwajs  readjr 

years  ;  but  one  of  my  botanical  friends  to  supply  strangers  with  an  article  now 

who  entertained  a  philosophical  doubt  very  frequently  in  demand.     The  pre- 

on  this  subject,  being  desirous  of  ascer-  sence  of  an  occasional  grain  of  Indian 

taining  the  truth  of  £ree  or  four  alleged  com  or  maize  in  seyeral  of  the  parcels 

instances  of  the  germination  of  *'  mummy  of  grain  shown  to  my  friend  as  coming 

wheat,"  discoTered,  on  communicating  from  the  catacombs  confiimed  hJa  aoe^ 

with  several  Egyptian  traTellers,  that  tidam. 
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that  there  is  an  obvious  answer  to  Lunarck'«  objection,  that  tta 
botanist  cannot  point  out  a  country  wbcrc  ibv  commoa  wlieat  gtMn 
wild,  unleaa  in  places  where  it  ma;  have  been  derived  frva  neig^ 
bourliig  cultivation.*  All  naturalists  are  well  aware  th*t  ibe  |«»- 
gra)ihical  distHbution  of  a  great  number  of  ep«cies  is  exU«Btlf 
liuiiled;  thai  it  was  to  be  eipcclcd  that  every  useful  plant  akoiU 
iiral  be  caltivated  successfully  in  the  country  where  it  was  indigcuMs; 
and  that,  probably,  every  station  which  it  partially  occnpied,  «W 
growing  wild,  would  be  selected  by  the  agriculturist  as  best  snitolti 
it  when  artificially  incrcDGeil.  Palestine  has  been  cosJectun<d,  bji 
late  writer  on  the  ccrcolia,  to  have  bt^n  the  original  habilUtOD^ 
wheat  and  harley;  a  supposition  which  is  rendtfed  the  more  pkmiUt 
by  Hebrew  and  Egyptian  traditions,  and  by  tnicing  the  mip^tiaiiaif 
tbf.  worship  of  Ceres,  as  indicative  of  the  migrations  of  the  planLf 

If  we  are  to  infer  that  some  une  of  the  wild  grasses  baa  ban 
transformed  into  the  common  wheat,  and  that  ^ome  animal  of  lli 
genus  Canit,  still  unreclaimed,  has  been  metumurphosed  itilo  ih*  4c( 
merely  because  we  cannot  find  the  domestic  dog,  or  the  ctiltivalrf 
wheat,  in  a  slate  of  nature,  we  may  be  next  called  upon  to  aik 
similar  admissions  in  regard  to  the  camel ;  for  it  Menu  t«J 
doubtful  whether  any  race  of  this  species  of  quadruped  is  now  wiL 

Changes  in  plants  produced  by  cultivation.  —  But  if  agricnltin 
it  will  be  said,  does  not  supply  examples  of  extraordinary  changes  ^ 
form  and  organization,  the  horticulturist  can,  at  least,  appeal  to  ttds 
which  may  confound  the  preceding  train  of  reasoning.  Tbe  crab  b* 
been  transformed  into  the  apple ;  the  sloe  into  the  plum ;  liana 
have  changed  their  colour,  and  become  double ;  and  these  m* 
characters  can  be  perpeluated  by  seed;  a  bitter  plant,  with  wa«J 
Bca-green  leaves,  has  been  taken  from  the  sea-side,  where  it  grew  lit 
wild  charlock ;  has  been  transplanted  into  the  garden,  lost  its  aattaA 
and  has  been  metamorphosed  into  two  distinct  vegetable^  aa  oBtii 
each  other  as  is  each  to  the  parent  plnat — the  red  cabbage  and  da 
cauliflower.  These,  and  a  mullilude  of  analogous  facts,  are 
edly  among  the  wonders  of  nature,  and  attest  more  strongly, 
tlie  extent  to  which  species  may  be  modiBed,  than  any 
derived  from  the  animal  kingdom.  But  in  the.ie  cases  we  find  lk< 
wc  soon  reach  certmn  limits,  beyond  which  we  are  unable  to  csw 
the  individuals  descending  from  the  same  stock  to  vary;  while,* 
the  other  band,  it  is  easy  to  show  that  these  exlraordinaty  Tarie^ 
could  seldom  arise,  and  could  never  be  perpetuated  in  a  wiU  state  (> 
many  generations,  under  any  imaginable  combination  of  aocidtMs 
They  may  be  regarded  as  extreme  cases,  brought  about  by  ha^ 
interference,  and  not  as  phenomena  which  indicate  a  capaliilitj  d 
indefinite  modification  in  the  natural  world. 

The  prope^tion  of  a  plant  by  buds  or  graA^  anil  by  rutiia^* 
obviously  a  mode  which  nature  does  not  employ;  and  ihb  siakipb- 
cation,  as  well  as  that  produced  by  roots  and  Uyen,  sccns  merely  * 

•  PML  Zool,,  una,  V  ^  HIT. 
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operate  as  an  extension  of  the  life  of  an  individual,  and  not  as  a 
reproduction  of  tksL^pecies  such  as  happens  by  seed.  All  plants 
increased  by  grafts  or  layers  retain  precisely  the  peculiar  qualities  of 
the  individual  to  which  they  owe  their  origin,  and,  like  an  individual, 
they  have  only  a  determinate  existence ;  in  some  cases  longer,  and 
in  others  shorter.  *  It  seems  now  admitted  by  horticulturists,  that 
none  of  our  garden  varieties  of  fruit  are  entitled  to  be  considered 
strictly  permanent,  but  that  they  wear  out  after  a  timef;  and  we 
are  thus  compelled  to  resort  again  to  seeds :  in  which  case  there  is 
so  decided  a  tendency  in  the  seedlings  to  revert  to  the  original  type, 
that  our  utmost  skill  is  sometimes  baffled  in  attempting  to  recover 
the  desired  variety. 

Varieties  of  the  cabbage. — The  different  races  of  cabbages  afford, 
as  was  admitted,  an  astonishing  example  of  deviation  from  a  common 
type ;  but  we  can  scarcely  conceive  them  to  have  originated,  much 
less  to  have  lasted  for  several  generations,  without  the  intervention 
of  man.  It  is  only  by  strong  manures  that  these  varieties  have  been 
obtained,  and  in  poorer  soils  they  instantly  degenerate.  If,  therefore, 
we  suppose  in  a  state  of  nature  the  seed  of  the  wild  Brassica  oleracea 
to  have  been  wafted  from  the  sea-side  to  some  spot  enriched  by  the 
dung  of  animals,  and  to  have  there  become  a  cauliflower,  it  would 
soon  diffuse  its  seed  to  some  comparatively  sterile  soils  around,  and 
the  offspring  would  relapse  to  the  likeness  of  the  parent  stock. 

But  if  we  go  so  far  as  to  imagine  the  soil,  in  the  spot  first 
occupied,  to  be  constantly  manured  by  herds  of  wild  animals,  so  as 
to  continue  as  rich  as  that  of  a  garden,  still  the  variety  could  not  be 
maintained ;  because  we  know  that  each  of  these  races  is  prone  to 
fecundate  others,  and  gardeners  are  compelled  to  exert  the  utmost 
diligence  to  prevent  cross-breeds.  The  intermixture  of  the  pollen  of 
varieties  growing  in  the  poorer  soil  around  would  soon  destroy  the 
peculiar  characters  of  the  race  which  occupied  the  highly  manured 
tract ;  for,  if  these  accidents  so  continually  happen,  in  spite  of  our 
care,  among  the  culinary  varieties,  it  is  easy  to  see  how  soon  this 
cause  might  obliterate  every  marked  singularity  in  a  wild  state. 

Besides,  it  is  well  known  that,  although  the  pampered  races  which 
we  rear  in  our  gardens  for  use  or  ornament  may  often  be  perpetuated 
by  seed,  yet  they  rarely  produce  seed  in  such  abundance,  or  so 
prolific  in  quality,  as  wild  individuals ;  bo  that  if  the  care  of  man 
were  withdrawn,  the  most  fertile  variety  would  always,  in  the  end, 
prevail  over  the  more  sterile. 

Similar  remarks  may  be  applied  to  the  double  flowers,  which 
present  such  strange  anomalies  to  the  botanist.  The  ovarium,  in 
such  cases,  is  frequently  abortive ;  and  the  seeds,  when  prolific,  are 
generally  much  fewer  than  where  the  flowers  are  single. 

Changes  caused  by  soiL  —  Some  curious  experiments,  recently 
made  on  the  production  of  blue  instead  of  red  flowers  in  the 

*  Smith's  Introdaction  to  Botany,  f  See  Mr.  Knight's  Ob8ervatioii8,Hort 
p.  188.  edit.  1807.  Trans.,  vol.  il  p.  160. 
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Bgdtangea  korUiuig,  Ulustnb:  the  immedbie  e0ent  of  certain  m3i 
on  the  oolours  of  the  ctlfx  and  peul&     In  gtfdeU'moald  or 
the  flowers  are  inriiriabl}:  red  ;  in  torn)  JdoAs  of  bog-eiutli  the; 
bbe ;  ud  Uie  aune  cb&ngtt  u  alwtji  pradoced  bj  a  puticulftr  kb*.  rf 
jvllow  loam. 

CcinftH'^  (^  ihf  primrote. — lianeus  was  of  opinion  lliAt  the  pm- 
nee,  oslip,  uir&lip,  uid  poljaatbns,  were  aaly  varieties  of  (Im  mm 
speciek  Th«  majority  of  tite  modttrn  botaoiits,  on  tba  eoKltmj, 
oootider  Ukd  to  be  di^inct,  altboogb  ttome  conceived  that  tb«  c^ 
mighl  be  a  croiA  between  ttie  cowelip  and  tbe  prioinM^  Ht 
Herbeit  has  Utely  recorded  the  following  esperimeat :  —  "t  niMl 
from  the  Dattiml  se«d  of  one  ambel  of  &  highly  maaurod  trd  an^ 
a  primruse,  a  cowslip,  oslips  of  the  u$ual  and  other  colours,  a  Uati 
{Kd/aDthus,  a  hose-io-hoti;  cowslip,  and  a  natural  priraroae  betfiif 
\U  fiower  OD  a  polyaalhas  Mall.  From  the  se«d  of  that  Merj  ho*- 
in-hose  cowslip  I  have  since  ndiKd  a  hoM-in-hoae  primm&.  1 
therefore  consider  all  these  to  be  only  local  varietios.  depeodins  vfm 
soil  and  sititation.'*  Profeaaor  HcdbIow,  of  CambridgK,  has  liia 
confirmed  this  experiment  of  Ur.  Herbert:  so  that  we  Uai*  ■ 
example,  not  only  of  the  remarkable  vanelies  which  Qua  Harat  at 
obtain  from  a  common  stock,  but  of  ike  distlnctneas  of  anakfiM 
races  found  in  a  wild  stale.  | 

On  what  particular  ingredient,  or  quality  in  the  earth,  thai 
dianges  depend,  has  not  yet  been  ascertained.^  But  gardenen  et 
well  aware  that  particular  plaotii,  when  placed  under  the  ioflneBCf  <f 
certain  circumstances,  are  changed  in  various  ways,  according  to  ij< 
species  ;  and  as  often  as  tbe  experiments  are  repeated,  eiioilar  resaja 
are  obtained.  Tbe  nature  of  these  results,  however,  depeodt  npoi 
the  species,  and  they  are,  therefore,  part  of  the  specific  cbaractV: 
they  exhibit  the  same  pbenomena,  again  and  again,  and  indi«ak 
certain  fixed  and  invariaUe  relations  between  the  phy&iolcigial 
peculiarities  of  the  plant,  and  tbe  inflaeuce  of  certain  external  a^icsta 
They  afi'itrd  no  ground  for  questioning  the  instability  of  species,  W 
nitlier  the  contrary ;  they  present  us  with  a  class  of  pbeDOBMi 
wbicli,  when  they  are  more  thoroughly  understood,  may  afford  wmi 
of  the  best  te^ts  for  identifying  species,  and  proving  that  tbe  attrv 
butes  originally  conferred  endure  so  long  us  any  isHie  of  tbe  oripaal 
stock  remains  upon  the  earth. 
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WHETHER  SPECIES  HATE  A  SEAL  EXISTENCE  TS  NATURE-^ 

continued* 

Limits  of  the  variabilitj  of  fpecies — Species  sasceptible  of  modification  ma.j  be 
altered  greatly  in  a  ^ort  time,  and  in  a  few  generations  ;  after  which  they  re- 
main stationaiy — The  animals  now  subject  to  man  had  orig^ally  an  aptitude  to 
domesticity — Acquired  peculiarities  which  become  hereditary  have  a  close  con. 
nexion  with  the  habits  or  instincts  of  the  species  in  a  wild  state — Some  qualities 
in  certain  animals  have  been  conferred  with  a  view  of  their  relation  to  man— 
Wild  elephant  domesticated  in  a  few  years,  bnt^ts  faculties  incapable  of  farther 
deyelopmentj 

Variability  of  a  species  compared  to  that  of  an  individual — I  <^ 
endeavoured,  in  the  last  chapter,  to  show,  that  a  belief  in  the  realitj 
of  species  is  not  inconsistent  with  the  idea  of  a  considerable  degree  of 
variability  in  the  specific  character.  This  opinion,  indeed^  is  little 
more  than  an  extension  of  the  idea  which  we  must  entertain  of  the 
identity  of  an  individual^  throughout  the  changes  which  it  is  capable 
of  undergoing. 

If  a  quadruped,  inhabiting  a  cold  northern  latitude,  and  covered 
with  a  warm  coat  of  hair  or  wool,  be  transported  to  a  southern  climate, 
it  will  often,  in  the  course  of  a  few  years,  shed  a  considerable  portion 
of  its  coat,  which  it  gradually  recovers  on  being  again  restored  to  its 
native  country.  Even  there  the  same  changes  are,  perhaps,  super- 
induced to  a  certain  extent  by  the  return  of  winter  and  summer. 
We  know  that  the  Alpine  hare  {Lepus  variabilis.  Pal.)  and  the 
ermine,  or  stoat  {Mustela  erminea,  Linn.)  become  white  during  winter, 
and  again  obtain  their  full  colour  during  the  warmer  season ;  that  the 
plumage  of  the  ptarmigan  undergoes  a  like  metamorphosis  in  colour 
and  quantity,  and  that  the  change  is  equally  temporary.  We  are 
aware  that,  if  we  reclaim  some  wild  animal,  and  modify  its  habits  and 
instincts  by  domestication,  it  may,  if  it  escapes,  become  in  a  few  years 
nearly  as  wild  and  untractable  as  ever ;  and  if  the  same  individual  be 
again  retaken,  it  may  be  reduced  to  its  former  tame  state.  A  plant 
is  sown  in  a  prepared  soil,  in  order  that  the  petals  of  its  flowers  may 
multiply,  and  their  colour  be  heightened  or  changed  :  if  we  then 
withhold  our  care,  the  flowers  of  this  same  species  become  again 
single.  In  these,  and  innumerable  other  instances,  we  must  suppose 
that  the  species  was  produced  with  a  certain  number  of  qualities ; 
and,  in  the  case  of  animals,  with  a  variety  of  instincts,  some  of  which 
may  or  may  not  be  developed  according  to  circumstances,  or  which, 
after  having  been  called  forth,  may  again  become  latent  when  the 
exciting  causes  are  removed. 

I*^ow,  the  formation  of  races  seems  the  necessary  consequence  of 
such  a  capability  in  species  to  vary,  if  it  be  a  general  law  that  the 
oflspring  should  very  closely  resemble  the  parent.    But^  b^Q»t^  ^^ 
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cnn  infer  tbat  there  are  no  limits  to  the  deviation  from  &n  ori^iMl 
type  nbich  may  be  brought  about  in  the  course  of  an  imjciinitt 
number  of  generations,  we  ought  to  have  some  proof  that,  in 
BucuessivB  generation,  individuaU  may  go  on  acquiring  an  eqinl 
amount  of  new  peculiarities,  under  the  influence  of  equal  chaagvt^L 
circumstances.  The  balance  of  evidence,  however,  tDClitMs 
decidedly  on  the  opposite  side;  for  in  all  coses  we  find  XiM  the  qm 
of  divergence  diminishea  after  a  few  generations  in  a  very  nf«l> 

Speciet  siucfptible  of  modifieation  may  be  greatly  allered  i»  aff 
generations.  — It  cannot  be  objected,  that  it  is  out  of  our  power  to  | 
on  varying  the  circumstances  in  the  sume  manner  as  might  haj^ 
in  the  nntursl  course  of  events  during  some  great  geological  cjd& 
For  in  the  first  plaoe,  where  a  capacity  is  given  to  individuals  t* 
adapt  themselves  to  new  circumstances,  it  does  not  generally  reij 
a  very  long  period  for  its  development;  if,  indeed,  such  wen 
case,  it  is  not  easy  to  see  how  the  modillcntion  would  answer  the  i 
proposed,  for  all  the  individuals  would  die  before  new  qunlitieai  h» 
or  instincts  were  conferred. 

When  we  have  succeeded  in  naturaltEing  some  tropical  plant  ba 
temperate  elimnte,  nothing  prevents  ua  from  atlempting  gradually  t* 

above  the  level  of  the  sea,  allowing  equal  quantities  of  time,  or  u 
equal  number  of  geuerations,  for  habituating  the  species  to  succesnn 
increments  of  cold.  But  every  husbandman  and  gardener  is  »wtn 
that  such  experiments  will  fail ;  and  we  are  more  likely  to  eutxed 
in  making  some  plants,  in  the  course  of  the  first  two  generations, 
support  a  considerable  degree  of  difierence  of  temperature  than  arety 
small  difference  afterwai-ds,  thougli  we  persevere  for  many  centuries. 
It  is  the  same  if  we  take  any  other  cause  instead  of  temperature; 
such  as  the  quality  of  the  food,  or  the  kind  of  dangers  to  which  aa 
animal  is  exposed,  or  the  soil  in  which  a  plant  lives.  The  alleralioa 
in  habits,  form,  or  organization,  is  often  rapid  during  a  short  period; 
but  when  the  circumstances  are  made  to  vary  farther,  though  >■ 
ever  so  slight  a  degree,  all  modification  ceases,  and  the  individnd 
perishes.  Tiius  some  herbivorous  quadrupeds  may  be  made  to  feed 
partially  on  fish  or  flesh  ;  but  even  these  can  never  be  taught  to  Un 
on  some  herbs  which  they  reject,  and  which  would  even  poison  tbei% 
although  the  same  may  be  very  nutritious  to  other  species  of  iht 
same  natural  order.  So  when  man  uses  force  or  stratagem  again* 
wild  animals,  the  persecuted  race  soon  becomes  more  cantioat 
watchful,  and  cunning;  new  instincts  seem  often  to  be  developed 
and  to  become  hereditary  in  the  first  two  or  three  generations :  W 
kt  the  skill  and  address  of  man  increase,  however  gradually,  M 
farther  variation  can  take  place,  no  new  qualities  are  elicited  by  the 
increasing  dangers.  The  alteration  of  the  habits  of  the  species  bn 
reached  a  point  beyond  which  no  ulterior  modification  is  pouibk. 
however  indeSnite  the  lapse  of  ^es  during  which  the  new  arena- 
Stances  op«nU.    £xtiTQ8.tion    then    follows,  rather    than    tucli  ■ 
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transformation  as  could  alone  enable  the  species  to  perpetuate  itself 
under  the  new  state  of  things. 

Animals  now  subject  to  man  had  originally  an  aptitude  to  domes'* 
ticity, — It  has  been  well  observed  bj  M.F.  Cuvier  and  M.  Bureau 
de  la  Malle,  that  unless  some  animals  had  manifested  in  a  wild  state 
an  aptitude  to  second  the  efforts  of  man,  their  domestication  would 
never  have  been  attempted.  If  they  had  all  resembled  the  wolf,  the 
fox,  and  the  hjsena,  the  patience  of  the  experimentalist  would  have 
been  exhausted  by  innumerable  failures  before  he  at  last  succeeded 
in  obtaining  some  imperfect  results;  so,  if  the  first  advantages 
derived  from  the  cultivation  of  plants  had  been  elicited  by  as  tedious 
and  costly  a  process  as  that  by  which  we  now  make  some  slight 
additional  improvement  in  certain  races,  we  should  have  remained 
to  this  day  in  ignorance  of  the  greater  number  of  their  useful 
qualities. 

Acquired  instincts  of  some  animals  become  hereditary, — It  is 
undoubtedly  true,  that  many  new  habits  and  qualities  have  not  only 
been  acquired  in  recent  times  by  certain  races  of  dogs,  but  have 
been  transmitted  to  their  offspring.  But  in  these  cases  it  will  be 
observed,  that  the  new  peculiarities  have  an  intimate  relation  to  the 
habits  of  the  animal  in  a  wild  state,  and  therefore  do  not  attest  any 
tendency  to  departure  to  an  indefinite  extent  from  the  original  type 
of  the  species.  A  race  of  dogs  employed  for  hunting  deer  in  the 
platform  of  Santa  Fe,  in  Mexico,  affords  a  beautiful  illustration  of  a 
new  hereditary  instinct.  The  mode  of  attack,  observes  M.  {toulin, 
which  they  employ  consists  in  seizing  the  animal  by  the  belly  and 
overturning  it  by  a  sudden  effort,  taking  advantage  of  the  moment 
when  the  body  of  the  deer  rests  only  upon  the  fore-legs.  The  weight 
of  the  animal  thus  thrown  over  is  often  six  times  that  of  its 
antagonist.  The  dog  of  j(ure  breed  inherits  a  disposition  to  this 
kind  of  chase,  and  never  attacks  a  deer  from  before  while  running. 
Even  should  the  deer,  not  perceiving  him,  come  directly  upon  him, 
the  dog  steps  aside  and  makes  his  assault  on  the  flank;  whereas 
other  hunting  dogs,  though  of  superior  strength,  and  general  saga- 
city, which  are  brought  from  Europe,  are  destitute  of  this  instinct. 
For  want  of  similar  precautions,  they  are  often  killed  by  the  deer  on 
the  spot,  the  vertebne  of  their  neck  being  di^ocated  by  the  violence 
of  the  shock.* 

A  new  instinct  has  also  become  hereditary  in  a  mongrel  race  of 
dogs  employed  by  the  inhabitants  of  the  banks  of  the  Magdalena 
almost  exclusively  in  hunting  the  white-b'pped  pecari.  The  address 
of  these  dogs  consists  in  restraining  their  ardour,  and  attaching 
themselves  to  no  animal  in  particular,  but  keeping  the  whole  herd 
in  check.  Now,  among  these  dogs  some  are  found,  which  the  very 
first  time  they  are  taken  to  the  woods,  are  acquainted  with  this  mode 
of  attack ;  whereas,  a  dog  of  another  breed  starts  forward  at  once,  is 
surrounded  by  the  pecari|  and,  whaterer  may  be  hia  strength,  is 
destroyed  in  a  moment. 

*  Bl  Boalin,  Ann.  dct  8el  Kat» 
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Some  of  our  coantrymen,  engaged  of  lale  in  conJncting  oiie  of  tkt 
prineipal  mining  associations  in  MexiiMi,  that  of  Real  diA  Jlam 
carried  out  with  thvm  aomc  English  greyhounds  of  the  beat  bread,  H 
hunt  the  hares  wliich  abound  in  that  caaniry.  Tho  great  pUtfin 
which  is  the  scene  of  sport  is  at  nn  rletntion  of  nbottt  ntn 
feet  above  the  level  of  tbe  sea,  and  the  mernury  in  the 
stands  habitually  at  the  height  of  about  ninelem  incboa.  It  «■ 
found  that  the  greyhounds  could  not  support  the  fntignoa  of  i  ki( 
chaae  in  this  attenuated  atmosphere,  and  before  th^y  could  mmm  if 
with  their  prey,  they  lay  down  gasping  for  breath;  but  tbcae  sua 
animals  have  produced  whelps  which  have  grown  up.  ud  are  Mt 
in  the  least  degree  incommoded  by  the  want  of  ilenaity  in  llis  v^ 
but  i^n  down  the  hares  with  as  much  ea^e  as  the  flectcial  of  the 
race  in  this  country. 

The  lixed  and  deliberate  mtand  of  the  pointer  has  with  [iropriMf 
been  regarded  aa  a  mere  modificalioQ  of  a  haUl,  which  may  Un 
been  useful  to  a  wild  race  accustomed  to  wind  gatnr,  and  ami  ofM 
it  by  surprise,  first  pausing  for  an  instant,  in  order  to  spriitg  vlA 
unerring  aim.  The  faculty  of  the  retriever,  however,  may  jtarif 
be  regarded  as  more  ineicplicablfl  and  less  «a*ily  refifrablfi  to  lb 
instinctive  potions  of  the  apcciea.  91.  Mnjendie.  aaya  a  PnaA 
writer  in  a  recently  published  memoir,  having  loanil  that  their;  »«* 
a  rate  of  dog3  in  England  which  stopped  and  brought  back  game  o* 
their  own  accord,  procured  a  pair,  and,  having  obtained  a  wbdp 
from  tliem,  kept  it  constantly  nnder  his  eyei,  until  he  had  ae  op- 
portunity of  assuring  himself  that,  without  having  Teceived  ttj 
instruction,  and  oa  the  very  first  day  that  it  was  tarried  to  the  cIisk, 
it  brought  buck  game  with  as  much  stendinefs  as  dogs  which  M 
been  schooled  into  the  same  manffiuvrc  by  niL'ims  of  tht-  whip  ai 
collar. 

AUribulcs  of  animals  in  their  relation  ta  man.  —  Such  iiTtiiJiimiiH 
as  well  as  the  habits  and  dispa«itioni  which  the  abepherd's  A^ 
and  many  others  inherit,  seem  to  be  of  a  natui-e  and  extent  wbid 
we  can  hardly  eiplnia  by  supposing  them  to  be  modifications  i 
instincts  necessary  for  the  preserralion  of  the  species  in  a  wild  ftaH 
When  such  remarkable  habits  appear  in  races  of  this  species,  we  Mf 
reasonably  conjecture  tl^at  they  were  given  with  no  other  view  tha 
for  the  use  of  man  and  the  preservation  of  the  dog,  which  thus  obuiM 
protection. 

As  a  general  rule,  I  fully  agree  with  M.  F.  CuTier,  tliai,  ia 
studying  the  habits  of  animals,  we  must  attempt,  as  fiu-  as  poaioUi. 
to  refer  their  domestic  qualities  to  modifications  of  instincts  whid 
are  implanted  in  them  in  a  state  of  nature;  and  that  writer  ks 
su CO i-.4« fully  pointed  out,  in  an  admirable  vmj  on  the  ilnmi-stirati* 
of  the  mammalia,  the  true  origin  of  many  dispositions  whicii  m 
viilsarly  attributed  to  the  infiiience  of  rducatjon  alone*  But  « 
should  go  too  far  if  we  did  not  admit  that  some  uf  tiie  quslititsd 

'  Milm.  dtt  Mnf.  d'llirt.  Nat— Jameson,  Ed.  Sew  Iliil  Joiim.,  Ko*.  6.  :.* 
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particular  animals  and  plants  may  have  been  given  solely  with  a 
^iew  to  the  connexion  which  it  was  foreseen  would  exist  between 
bhera  and  man  —  especially  when  we  see  that  connexion  to  be  in 
many  cases  so  intimate,  that  the  greater  number,  and  sometimes,  as 
in  the  case  of  the  camel,  all  the  individuals  of  the  species  which  exist 
on  the  earth  are  in  subjection  to  the  human  race. 

We  can  perceive  in  a  multitude  of  animals,  especially  in  some  of 
the  parasitic  tribes,  that  certain  instincts  and  organs  are  conferred 
for  the  purpose  of  defence  or  attack  against  some  other  species. 
Now,  if  we  are  reluctant  to  suppose  the  existence  of  similar  relations 
between  man  and  the  instincts  of  many  of  the  inferior  animals,  we 
adopt  an  hypothesis  no  less  violent,  though  in  the  opposite  extreme 
to  that  which  has  led  some  to  imagine  the  whole  animate  and  inani- 
mate creation  to  have  been  made  solely  for  the  support,  gratification, 
and  instruction  of  mankind. 

Many  species,  most  hostile  to  our  persons  or  property,  multiply, 
in  spite  of  our  efforts  to  repress  them ;  others,  on  the  contrary,  are 
intentionally  augmented  many  hundred  fold  in  number  by  our  exer-  > 
tions.  In  such  instances,  we  must  imagine  the  relative  resources  of 
man  and  of  species,  friendly  or  inimical  to  him,  to  have  been  pro- 
spectively calculated  and  adjusted.  To  withold  assent  to  this  sup- 
position, would  be  to  refuse  wliat  we  must  grant  in  respect  to  the 
economy  of  nature  in  every  other  part  of  the  organic  creation ;  for 
the  various  species  of  contemporary  plants  and  animals  have  ob- 
Tiously  their  relative  forces  nicely  balanced,  and  their  respective 
tastes,  passions,  and  instincts  so  contrived,  that  they  are  all  in  perfect 
harmony  with  each  other.  In  no  other  manner  could  it  happen  that 
each  species,  surrounded,  as  it  is,  by  coi|ntless  dangers,  should  be 
enabled  to  maintain  its  ground  for  periods  of  considerable  duration. 

The  docility  of  the  individuals  of  some  of  our  domestic  species, 
extending,  as  it  does,  to  attainments  foreign  to  their  natural  habits 
and  faculties,  may,  perhaps,  have  been  conferred  vrith  a  view  to  their 
association  with  man.  But,  lest  species  should  be  thereby  made  to 
vary  indefinitely,  we  find  that  such  habits  are  never  transmissible  by 
generation. 

A  pig  has  been  trained  to  hunt  and  point  game  with  great  activity 
and  steadiness* ;  and  other  learned  individuals,  of  the  same  species, 
have  been  taught  to  spell ;  but  such  fortuitous  acquirements  never 
become  hereditary,  for  they  have  no  relation  whatever  to  the 
exigencies  of  the  animal  in  a  wild  state,  and  cannot,  therefore,  be 
developments  of  any  instinctive  propensities. 

Influence  of  domestication, — An  animal  in  domesticity,  says  M.  F. 
Cuvier,  is  not  essentially  in  a  different  situation,  in  regard  to  the 
feeling  of  restraint,  from  one  left  to  itself.  It  lives  in  society  without 
Constraint,  because,  without  doubt,  it  was  a  social  animal;  and  it 
Conforms  itself  to  the  will  of  man,  because  it  had  a  chief,  to  which, 
in  a  wild  state,  it  would  have  yielded  obedience.     There  is  nothing 

*  In  the  New  Forest,  near  Btngwood,  Lodga  I  have  odnyersed  with  witneBset 
Hants,  by  Mr.  Toomer,  keeper  of  firoomy    of  the  fact 
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iu  iu  new  sUuntion  tliat  ia  nol  conforroahle  to  its  propenwtiea ;  it  ii 
satiBfy ing  its  wants  by  submission  to  a  master,  and  makes  no  MC  " 
of  its  natural  inclinations.     All  the  social  aninialj,  when  left  to  tbam- 
selve^  form  herds  more  or  less  numerous ;  and  all  the  individoali 
of  the  same  herd  know  eacb  other,  are  mutually  altmclied,  mnd  " 
not  allow  a  strange  individual  to  join  them.     Iu  a  wild  state,  va 
over,    thi'y   obey  some   individual,    which,    by  its    soperiority.  I 
become  the  chief  of  the  herd.     Our  domestic  species  had,  originll^ 
this  sociability  of  disposition  ;  and  no  solitary  species,  howerer  eafl 
it  may  be  to  lame  it,  lias  yet  afforded  true   domestic    races, 
merely,   the rf fore,    dwvelopc,   to   our   own   advantage,    propenMlkl 
which  propel  the  individuab  of  certain  species  to  draw  near  to 
fellows. 

The  sheep  whicli  we  have  reared  is  induced  to  follow  oa,  u  il 
would  be  led  to  follow  the  flock  among  which  it  was  brought  npi  I 
when  individuals  of  gregarious  species  have  been  a«cu»tomeil  to  oM 
master,  it  is  he  alone  whom  tlicy  acknowledge  as  their  chiof— U 
only  whom  they  obey.  "  The  elephant  allows  himself  to  be  dirtetd 
only  by  the  carnac  whom  he  has  adopted;  the  dog  itself,  rurelil 
solitude  with  its  master,  manifests  a  hostile  disposition  toward*  iB 
others ;  and  every  body  knowa  how  dangeroiu  it  ia  to  be  in  the  n 
of  a  herd  of  cows,  in  pasturages  that  are  little  frequent.;d,  when  iIkJ 
have  not  at  their  head  the  keeper  who  takes  care  of  them. 

"  Every  thing,  therefore,  tends  tu  convince  u,",  that  formerly  w 
were  only,  with  regard  to  the  domestic  animals  what  those  wlio  i 
particularly  charged  with  the  core  of  ihem  still  are  —  namely,  m* 
bera  of  the  society  which  tliese  animals  form  among  thcmselve«;  a: 
that  they  are  only  distinguished,  in  the  general  mass,  by  tiie  aulhoriil 
which  they  have  been  enabled  to  assume  from  their  superiority  of  ia 
tellect.     Thus,  every  social  animal  which  recognizes  man  aa  awembH, 
and  as  the  chief  of  its  herd,  is  a  domestic  animal.     It  mi^bt  even  bt 
said,  that,  from  the  moment  when  such  an  animal  admit«  man 
member  of  its  society,  il  is  domesticated,  as  man  could  nol  entet 
such  a  society  without  becoming  the  chief  of  it."  • 

But  the  ingenious  author  whose  observations  I  have  here  aiti 
admits  that  the  obedience  which  the  individuals  of  many  dotiiabe 
species  yield  indifferently  to  every  person,  is  without  analogy  in  aj 
State  of  things  which  could  exist  previously  to  their  eubjujpitioakf 
man.  Each  troop  of  wild  horses,  it  is  true,  has  some  stallion  for  iB 
chief,  who  draws  after  him  all  the  individuals  of  which  the  herJii 
composed  ;  but,  when  a  domesticated  horse  baa  passed  from  hand  • 
hand,  and  has  served  several  masters,  he  becomes  equally  do^ 
towards  any  person,  and  is  Bubjected  to  the  whole  human  nee.  !• 
seems  fair  to  presume  that  the  capability  in  the  instinct  of  the  h 
to  be  thus  modified,  was  given  to  enabli!  the  species  to  rcndeT  grtaM 
services  to  man ;  and,  perhaps,  the  facility  with  which  many  otht 
acquired  choracters  become  hereditary  in  various  races  of  the  botH 

*  Uam.  dn  Htu.  d'Hin.  Nat. 
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may  be  explicable  only  on  a  like  supposition.  The  amble,  for 
example,  a  pace  to  which  the  domestic  races  in  some  parts  of  Spanish 
America  are  exclusively  trained,  has  in  the  course  of  several  genera- 
tions, become  hereditary,  and  is  assumed  by  all  the  young  colts  before 
they  are  broken  in.* 

It  seems,  also,  reasonable  to  conclude,  that  the  power  bestowed  on 
the  horse,  the  dog,  the  ox,  the  sheep,  the  cat,  and  many  species  of 
domestic  fowls,  of  supporting  almost  every  climate,  was  given  ex- 
pressly to  enable  them  to  follow  man  throughout  all  parts  of  the 
globe,  in  order  that  we  might  obtain  their  services,  and  they  our 
protection.  If  it  be  objected  that  the  elephant  which,  by  the  union 
of  strength,  intelligence,  and  docility,  can  render  the  greatest  services 
to  mankind,  is  incapable  of  living  in  any  but  the  warmest  latitudes, 
we  may  observe  that  the  quantity  of  vegetable  food  required  by  this 
quadruped  would  render  its  maintenance  in  the  temperate  zone»  too 
costly,  and  in  the  arctic  impossible. 

Among  the  changes  superinduced  by  man,  none  appear,  at  first 
sight,  more  remarkable  than  the  perfect  tameness  of  certain  domestic 
races.  It  is  well  known  that,  at  however  early  an  age  we  obtain 
possession  of  the  young  of  many  unreclaimed  races,  they  will  retain, 
throughout  life,  a  considerable  timidity  and  apprehensiveness  of 
danger ;  whereas,  after  one  or  two  generations,  the  descendants  of 
the  same  stock  will  habitually  place  the  most  implicit  confidence  in 
man.  There  is  good  reason,  however,  to  suspect  that  such  changes 
are  not  without  analogy  in  a  state  of  nature ;  or,  to  speak  more 
correctly,  in  situations  where  man  has  not  interfered. 

We  learn  from  Mr.  Darwin,  that  in  the  Galapagos  archipelago, 
placed  directly  under  the  equator,  and  nearly  600  miles  west  of 
the  American  continent,  all  the  terrestrial  birds,  as  the  finches, 
doves,  hawks,  and  others,  are  so  tame,  that  they  may  be  killed  with 
a  switch.  One  day,  says  this  author,  *'  a  mocking-bird  alighted  on 
tlie  edge  of  a  pitcher  which  I  held  in  my  hand,  and  began  quietly  to 
sip  the  water,  and  allowed  me  to  lift  it  with  the  vessel  from  the 
ground.**  Yet  formerly,  when  the  first  Europeans  landed,  and  found 
no  inhabitants  in  these  islands,  the  birds  were  even  tamer  than  now  : 
already  they  are  beginning  to  acquire  that  salutary  dread  of  man 
which  in  countries  long  settled  is  natural  even  to  young  birds, 
which  have  never  received  any  injury.  So  in  the  Falkland  Islands, 
both  the  birds  and  foxes  are  entirely  without  fear  of  man ;  whereas, 
in  the  adjoining  mainland  of  South  America,  many  of  the  same 
species  of  birds  are  extremely  wild;  for  there  they  have  for  ages 
been  persecuted  by  the  natives.f 

Dr.  Richardson  informs  us,  in  his  able  history  of  the  habits  of  the 
North  American  animals,  that,  '*  in  the  retired  parts  of  the  mountains 
where  the  hunters  had  seldom  penetrated,  there  is  no  difiiculty  in 
approaching  the  Rocky  Mountain  sheep,  which  there  exhibit  the 
simplicity  of  character  so  remarkable  in  the  domestic  species;  but 

*  Dareaa  de  la  Malle.  Ann.  des  ScL        f  Darwin's   Jonm.    in   Voyage    of 
Nat.,  torn.  XXL  p.  58.  RM.S.  Beagle,  p.  475. 
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where  they  have  been  often  fired  at,  they  are  cxceoilingly  wtld.  aim 
ibeir  companiona,  aa  the  approach  uf  diingiir,  by  a  Uiasing  oo'ue,  oi 
actio  tha  rocks  with  a  speed  and  ngility  that  baffle  pursuit.''  ~ 
'.  It  is  probable,  therefore,  that  as  man,  in  dilTiuing 
the  globe,  baa  tamed  many  mi1<i  nices,  so,  also,  be  hai 
tame  races  wild.  Had  some  of  tlie  larger  coriiiroroua  beajUA,  c^aUi 
of  scaling  the  rocka,  made  their  way  into  the  North  Americui 
tains  before  our  hunters,  a  simihir  alteration  in  tbo  insliocu  of  tk 
sheep  would  doubtless  have  beKjii  brought  about. 

If'ild  elep/iaiUi  domesticated  in  o/tie  y^ara.  —  if  a  anitnal  affa*Al 
a  more  strikiog  illustralioQ  of  the  principal  puiats  wbicli  I  hsTc 
eodeavouriDg  to  e«lftblish  than  tbu  elephaul ;  fur,  la  the  lirM  f 
tlie  wonderful  sitgauity  with  nUieh  he  accommodated  liimsdf  to  tU 
society  of  mail,  and  the  new  babiCd  which  he  coDlr&L-ls.  ore  wA  tb 
result  of  time,  nor  of  tnodiQcations  pruduced  in  the  counc  oi  wmbj 
gecerationa.  The«e  animals  -will  breed  iu  captivity,  as  i«  dow  ■*- 
certained,  In  oppotiilion  to  the  vul;^ar  opiuioa  of  many  nwdox 
naturaltale,  and  in  confonnity  to  that  of  tlia  luicieuis  j^liao  ni 
Columelkti  yet  it  has  always  been  tliu  custom,  ns  the  ieoMt 
nuwle  of  obtaining  them,  lo  capture  wild  individtuila  in  tite 
usually  when  full  growu  ;  and,  in  a  few  years  after  thcy^  nr 
Ronieiimes,  it  is  said,  in  the  space  of  a  few  months — tbcir 
is  completed. 

Had  the  whole  species  been  domesticated  from  an  earlj  period  in 
the  history  of  man,  like  the  camel,  their  superior  intelligence  wouU, 
doubtless,  have  been  attributed  to  tlieir  long  and  familiar  intercoune 
with  the  lord  of  the  creation  ;  but  we  know  that  a  few  yetn  M 
sufficient  lo  bring  about  this  wonderful  change  of  habitd  t  oi"! 
althougli  the  same  individual  may  continue  to  receive  tuition  fori 
century  afterwards,  yet  it  makes  no  farther  progress  in  the  geneni 
development  of  its  faculties.  Were  it  othernisc,  indeed,  the  aniiul 
would  soon  deserve  more  than  the  poet's  epithet  of  "  half-reasonii^.' 
From  the  authority  of  our  countrymen  employed  in  the  1M( 
Burmese  war,  it  appears,  in  corroboration  of  older  accounts,  thsl 
when  elephunts  are  required  to  execute  extraordinary  tasks,  they  msj 
he  made  to  understand  that  they  will  receive  unusual  rewards.  Sume 
favourite  dainty  is  shown  to  them,  in  the  hope  of  acquiring  which 
the  work  is  done ;  and  so  perfectly  does  the  nature  of  the  contnd 
appear  to  he  understood,  that  the  breach  of  it,  on  the  part  of  the 
mastt^'r,  is  often  attended  with  danger.  In  this  case,  a  power  hsi 
been  given  to  the  species  to  adapt  their  social  instincts  to  new  cir- 
cumstances with  surprising  rapidity  ;  hut  the  extent  of  this  change  ii 
defined  by  strict  and  arbitrary  limits.  There  is  no  indication  of  a  ten- 
dency to  continued  divergence  from  certain  attributes  with  which  the 
elephant  was  originally  endued — no  ground  whatever  for  nnticipaiiaj 
that,  in  thousands  uf  centuries,  any  material  alteration  could  ever  be 
etfectcd.     All  that  we  can  infer  from  analogy  is,  that  some  man 
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useful  and  peculiar  races  might  probably  be  formed,  if  the  experiment 
were  fairly  tried ;  and  that  some  individual  characteristic,  now  only 
casual  and  temporary,  might  be  perpetuated  by  generation. 

In  all  cases,  therefore,  where  the  domestic  qualities  exist  in  animals, 
they  seem  to  require  no  lengthened  process  for  their  development ; 
and  they  appear  to  have  been  wholly  denied  to  some  classes,  which, 
from  their  strength  and  social  disposition,  might  have  rendered  great 
services  to  man  ;  as,  for  example,  the  greater  part  of  the  quadrumana. 
The  orang-outang,  indeed,  which,  for  its  resemblance  in  form  to  man, 
and  apparently  for  no  other  good  reason,  has  been  assumed  by 
Lamarck  to  be  the  most  perfect  of  the  inferior  animals,  has  been 
tamed  by  the  savages  of  Borneo,  and  made  to  climb  lofty  trees^  and  to 
bring  down  the  fruit.  But  he  is  said  to  yield  to  his  masters  an  un- 
willing obedience,  and  to  be  held  in  subjection  only  by  severe 
discipline.  We  know  nothing  of  the  faculties  of  this  animal  which 
can  suggest  the  idea  that  it  rivals  the  elephant  in  intelligence ;  much 
less  anything  which  can  countenance  the  dreams  of  those  who  have 
fancied  that  it  might  have  been  transmuted  into  the  '^  dominant  race.'' 
One  of  the  baboons  of  Sumatra  (Simia  carpolegus)  appears  to  be 
more  docile,  and  is  frequently  trained  by  the  inhabitants  to  ascend 
trees,  for  the  purpose  of  gathering  cocoa-nuts;  a  service  in  which 
the  animal  is  very  expert.  He  selects,  says  Sir  Stamford  Raffles,  the 
ripe  nuts,  with  great  judgment,  and  pulls  no  more  than  he  is  ordered.* 
The  capuchin  and  cacajao  monkeys  are,  according  to  Humboldt, 
taught  to  ascend  trees  in  the  same  manner,  and  to  throw  down  fruit 
on  the  banks  of  the  lower  Orinoco.f 

It  is  for  the  Laraarckians  to  explain  how  it  happens  that  those 
same  savages  of  Borneo  have  not  themselves  acquired,  by  dint  of 
longing,  for  many  generations,  for  the  power  of  climbing  trees,  the 
elongated  arms  of  the  orang,  or  even  the  prehensile  tails  of  some 
American  monkeys.  Instead  of  being  reduced  to  the  necessity  of 
subjugating  stubborn  and  untractable  brutes,  we  should  naturally 
have  anticipated  *^  that  their  wants  would  have  excited  them  to  efforts, 
and  that  continued  efforts  would  have  given  rise  to  new  organs ;"  or 
rather  to  the  re-acquisition  of  organs  which,  in  a  manner  irrecon- 
cileable  with  the  principle  of  the  progressive  system,  have  grown 
obsolete  in  tribes  of  men  which  have  such  constant  need  of  them. 

Recapitulation, — It  follows,  then,  from  the  different  facts  which 
have  been  considered  in  this  chapter,  that  a  short  period  of  time  is 
generally  sufficient  to  effect  nearly  the  whole  change  which  an 
alteration  of  external  circumstances  can  bring  about  in  the  habits  of  a 
species,  and  that  such  capacity  of  accommodation  to  new  circumstances 
is  enjoyed,  in  very  different  degrees,  by  different  species. 

Certain  qualities  appear  to  be  bestowed  exclusively  with  a  view  to 
the  relations  which  are  destined  to  exist  between  different  species, 

and,  among  others,  between  certain  species  and  man;  but  these 

« 

*  Linn.  Trans,  vol  xiii.  p.  244.  noctial  Begions  of  the  New  Continent, 

t  Pers.  Narr.  of  Travels  to  the  Eqid-    in  the  yean  1779—- 1804. 
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latter  arc  nlwajs  so  nearly  connected  witb  the  originml  habtU  nl 
propensities  of  each  species  in  a  wild  state,  that  thojr  imply  no  w 
definite  capacity  of  varying  from  the  original  type-.  Tlie  •cquirrf 
habits  derived  from  humau  tuition  are  rarely  transmiltod  to  tb 
offspring;  and  when  this  happens,  it  is  almost  universally  tke  km 
with  those  merely  which  have  some  obvious  conneKioQ  wttli  the  tea- 
butes  of  the  species  when  in  a  state  of  indepeodeQce. 
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PhonomBno   of   hybrids  —  Hnnler's  opiniona  —  Hale*  not   strirtlf 

between  patent  iprda  —  Hybrid  pUnu  —  Experinienti  of  Kalnratci  mnd  Wi«- 
mum  —  Vegetable  liybriils  pmlifiu  tlituughout  soTerBl  gcnentUiiiii  —  Wkj  an 
in  K  vild  ttate  —  Dc  Cuidglle  on  hybrid  i>l>nM — The  {Jicnomcaa  of  bytoA 
conGrm  the  difliiicLn<»ie  of  spcdoa  — Theory  of  the  gradotltm  in  the  iiitdlt|«ii 
of  animal*  IS  indicated  by  the  facial  angle — Doarioe  that  ccftain  oigau  of  Ai 
tiitas  in  mammalia  aanuiN  ncctoiTdy  the  fnrEsa  of  fish,  reptile,  End  \M— 
Becspilulation. 

Phenomena  of  hybrid*. — We  have  yet  to  consider  Another  dw 
of  phenomena,  those  relating  to  the  production  of  hybrids,  wbiti 
bare  heen  regarded  in  a  very  different  light  with  reference  to  tlKir 
beuring  on  the  question  of  the  permanent  distinctness  of  special 
Eoine  naturalists  considering  them  as  affording  the  strongest  of  sS 
proofs  in  favour  of  the  reality  of  species ;  others,  on  the  connv^ 
appealing  to  them  as  countenancing  the  opposite  doctrine,  that  all  tki 
varieties  of  organization  and  instinct  now  exhibited  in  tlie  anioul  ni 
vegetable  kingdoms  may  have  been  propagated  from  a  small  nunhcr 
of  original  types. 

In  regard  ta  the  mammlfers  and  birds  it  is  found  that  no  teai 
union  will  take  place  between  races  which  are  remote  from  each  otks 
in  ihi'ir  habits  and  organization  ;  and  it  is  only  in  species  thai  in 
very  nearly  allied  that  such  unions  produce  offspring.  It  may  fct 
laid  down  as  a  general  rule,  admitting  of  very  few  exceptions  amaif 
quadrupeds,  that  the  hybrid  progeny  is  sterile;  and  there  seem  tob 
no  well  authenticated  examples  of  the  continuance  of  the  mule  net 
beyond  one  generation.  The  principal  number  of  observaiioos  ui 
esperiments  relate  to  the  mixed  offspring  of  the  horse  and  the  ui; 
and  in  this  case  it  is  well  established  that  the  he-mule  can  genenxv 
and  the  she-mule  produce.  Such  cases  occur  in  Spain  and  Italy, 
and  mucli  more  frequently  in  the  West  Indies  and  New  HoUAndi 
but  these  mules  have  never  bred  in  cold  climates,  seldom  in  war* 
regions,  and  still  more  rarely  in  temperate  countries. 
,  Tlie  hybrid  offspring  of  the  she-ass  and  the  stallion,  the  ytmt  li 
Aristotle,  and  the  hinnua  of  Pliny,  differs  from  the  mule,  oc  liv 
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offspring  of  the  ass  and  mare.  In  both  cases,  says  Buffon,  these 
animals  retain  more  of  the  dam  than  of  the  sire,  not  only  in  the 
magnitude,  but  in  the  figure  of  the  body :  whereas,  in  the  form  of 
the  head,  limbs,  and  tail,  they  bear  a  greater  resemblance  to  the 
sire.  The  same  naturalist  infers,  from  various  experiments  re- 
specting cross-breeds  between  the  he-goat  and  ewe,  the  dog  and  she- 
wolf,  the  goldfinch  and  canary-bird,  that  the  male  transmits  his  sex 
to  the  greatest  number,  and  that  the  preponderance  of  males  over 
females  exceeds  that  which  prevails  where  the  parents  are  of  the 
same  species. 

Hunter's  opinion,  —  The  celebrated  John  Hunter  has  observed, 
that  the  true  distinction  of  species  must  ultimately  be  gathered  from 
their  incapacity  of  propagating  with  each  other,  and  producing 
offspring  capable  of  again  continuing  itself.  He  was  unwilling, 
however,  to  admit  that  the  horse  and  the  ass  were  of  the  same 
species,  because  some  rare  instances  had  been  adduced  of  the  breeding 
of  mules,  although  he  maintained  that  the  wolf,  the  dog,  and  the 
jackal  were  all  of  one  species ;  because  he  had  found,  by  two  experi- 
ments, that  the  dog  would  breed  both  with  the  wolf  and  the  jackal ; 
and  that  the  mule,  in  each  case,  would  breed  again  with  the  dog.  In 
these  cases,  however,  it  may  be  observed,  that  there  was  always  one 
parent  at  least  of  pure  breed,  and  no  proof  was  obtained  that  a  true 
hybrid  race  could  be  perpetuated ;  a  fact  of  which  I  believe  no  ex- 
amples are  yet  recorded,  either  in  regard  to  mixtures  of  the  horse  and 
ass,  or  any  other  of  the  mammalia. 

Should  the  fact  be  hereafter  ascertained,  that  two  mules  can  pro- 
pagate their  kind,  we  must  still  inquire  whether  the  offspring  may 
not  be  regarded  in  the  light  of  a  monstrous  birth,  proceeding  from 
some  accidental  cause,  or,  rather,  to  speak  more  philosophically,  from 
some  general  law  not  yet  understood,  but  which  may  not  be  permitted 
permanently  to  interfere  with  those  laws  of  generation  by  which 
species  may,  in  general,  be  prevented  from  becoming  blended.  If,  for 
example,  we  discovered  that  the  progeny  of  a  mule  race  degenerated 
greatly,  in  the  first  generation,  in  force,  sagacity,  or  any  attribute 
necessary  for  its  preservation  in  a  state  of  nature,  we  might  infer  that, 
like  a  monster,  it  is  a  mere  temporary  and  fortuitous  variety.  Nor 
does  it  seem  probable  that  the  greater  number  of  such  monsters  could 
ever  occur  unless  obtained  by  art ;  for,  in  Hunter's  experiments, 
stratagem  or  force  was,  in  most  instances,  employed  to  bring  about 
the  irregular  connexion.* 

Mules  not  strictly  intermediate  between  the  parent  species,  —  It 
seems  rarely  to  happen  that  the  mule  offspring  is  truly  intermediate 
in  character  between  the  two  parents.  Thus  Hunter  mentions  that, 
in  his  experiments,  one  of  the  hybrid  pups  resembled  the  wolf  much 
more  than  the  rest  of  the  litter;  and  we  are  informed  by  Wiegmano, 
that,  in  a  litter  lately  obtained  in  the  Royal  Menagerie  at  Berlin, 

♦  PhiL  Trans.  1787  Additional  On  Prolific  Hybrids,  &c.;  and  on  Hy. 
Remarks,  Phil.  Trans.,  1789.  See  also  bridity  as  a  Test  of  Species. — American 
Essays  by  the  late  Dr.  Samuel  G.  Morton,    Joorn.  of  Science,  toL  iiL  1847. . 
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There  is  undoubli^ly  n  very  close  luislogy  between  tlieae  fA>i»- 
roeua  and  tboac  presented  bj  the  interuiixtura  ol'  distinct  racwa  orik 
aaioo  epociec.  both  in  tlio  iafvrior  atiiniala  and  in  man.  Dr.  Pritk- 
Bwl,  in  Uia  "Physical  History  of  Mankiad,"  cites  example* 
tti«  peculiarities  of  Ihe  parents  have  been  transmiimd  very 
to  llie  offspring  i  as  where  children,  *nlirely  white,  or  perfocUy 
have  sprung  from  the  union  of  the  European  and  ihn  iii-gro. 
times  the  colour  or  other  pi^culiarities  of  one  paront,  after 
failed  to  show  themselves  in  tlie  immediate  progeny,  reappear  bs 
subsequent  generation;  as  where  a  white  child  ta  biM^  trf  two 
parents,  the  grnndfatlier  having  been  a  white.* 

The  flame  autlior  judiciously  observes  that,  if  dtfivrcnt  i^ 
mixed  their  br«ed,  and  hybrid  races  were  ofieo  pniip»f%toi,  ib 
animal  world  would  soon  prcBiint  a  scene  of  confusion  ;  it*  tr^ 
would  be  evory  where  blended  togiilher,  and  we  should  ]>erbsp»  bi 
more  hybrid  creatures  than  genninu  and  uncorrupied  ruous-f 

Hifbrid  ptanti. — Kaireuler'i  experimtnU. — The  history  of  the  «p* 
table  kingdom  has  been  thought  to  afllird  mure  decisive  eiidsiK  b 
favour  of  the  theory  of  the  formation  of  new  and  penmiDcai  ipeoa 
from  hybrid  stocks.  I'he  firHt  accurate  experiments  in  illustratiMi  fi 
this  curious  subject  appear  to  have  beun  made  by  Kiilreuter,  wfct 
obtained  a  hybrid  from  two  species  of  tobacco,  Aievtutna  rttttita  tti 
N.  panieuiala,  which  differ  greatly  in  tlie  shape  of  iheir  IcaTes,  iW 
colour  of  the  corolla,  and  the  height  of  the  stem.  The  stigma ffi 
plant  of  N.  riutica  was  imprcgnaled  with  the  pollen  of  a  plant  rf  S- 
paakutaln.  The  seed  ripened,  and  produced  a  hylirid  which  *■ 
intermediate  between  the  two  parents,  and  which,  like  nil  the  faTW> 
which  this  botanist  brought  up,  had  imperfect  stamens.  He  afM^ 
wards  impregnated  this  hybrid  with  (he  pollen  of  A',  panicuiatt^  td 
obtained  plants  which  much  more  rcfembled  the  ln$t.  This  h 
continued  through  several  generation?,  until,  by  due  perseverance.  I* 
actually  changed  the  A'icotiana  rutticn  into  the  fftcotiana pnnitid^ 
The  plan  of  impregTialion  adopted,  was  the  cutting  olf  of  the  aathff 
of  the  plant  intended  for  fructification  before  they  had  shc^  |kAM 
and  then  laying  on  foreign  pollen  upon  the  stigma. 

Weigmann^t  arperiments. — The  same  exp^'riment  h&s  aince  bfl 
repeated  with  success  by  Weigmnnn,  who  found  that  he  coold  bii^ 
back  the  hybrids  to  the  exact  likeness  of  either  parent,  by  cnm^ 
them  a  sufficient  number  of  times. 

The  blending  of  the  characters  of  the  parent  stocks,  in  manT  df 
of  Wi-igmann's  experiments,  was  complete  ;  the  colour  and  sbapt^ 
llie  leaves  and  flowers,  and  even  Ihe  scent,  being  intermediate,  u  ii 
the  oAVpring  of  the  two  species  of  verbascum.  An  intrrmarn^t 
also,  between  the  common  onion  and  the  leek  (Allium  erpa  audi 
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porrum)  gave  a  mule  plant,  which,  in  the  character  of  its  leaves  and 
dowers,  approached  most  nearly  to  the  gai'den  onion^  but  had  the 
elongated  bulbous  root  and  smell  of  the  leek. 

The  same  botanist  remarks,  that  vegetable  hybrids,  when  not 
strictly  intermediate,  more  frequently  approach  the  female  than  the 
male  parent  species ;  but  they  never  exhibit  charoLcters  foreign  to  both.  ^. 
A  re- cross  with  one  of  the  original  stocks  generally  causes  the  mule 
plant  to  revert  towards  that  stock ;  but  this  is  not  always  the  case, 
the  offspring  sometimes  continuing  to  exhibit  the  character  of  a  full 
hybrid. 

In  general,  the  success  attending  the  production  and  perpetuity  of 
hybrids  among  plants  depends,  as  in  the  animal  kingdom,  on  the 
degree  of  proximity  between  the  species  intermarried.  If  their 
organization  be  very  remote,  impregnation  never  takes  place ;  if 
somewhat  less  distant,  seeds  are  formed,  but  always  imperfect  and 
sterile.  The  next  degree  of  relationship  yields  hybrid  seedlings,  but 
these  are  barren ;  and  it  is  only  when  the  parent  species  are  very 
nearly  allied  that  the  hybrid  race  may  be  perpetuated  for  several 
generations.  Even  in  this  case,  the  best  authenticated  examples 
seem  confined  to  the  crossing  of  hybrids  with  individuals  of  pure 
breed.  In  none  of  the  experiment  most  accurately  detailed  does  it 
appear  that  both  the  parents  were  mules. 

Wiegmann  diversified  as  much  as  possible  his  mode  of  bringing 
about  these  irregular  unions  among  plants.  He  often  sowed  parallel 
rows,  near  to  each  other,  of  the  species  from  which  he  desired  to 
breed;  and,  instead  of  mutilating,  after  Kolreuter's  fashion,  the 
plants  of  one  of  the  parent  stocks,  he  merely  washed  the  pollen  o£f 
their  anthers.  The  branches  of  the  plants  in  each  row  were  then 
gently  bent  towards  each  other  and  intertwined ;  so  that  the  wind, 
and  numerous  insects,  as  they  passed  from  the  flowers  of  one  to 
those  of  the  other  species,  carried  the  pollen  and  produced  fecun- 
dation. 

Vegetable  hybrids  why  rare  in  a  wild  state, — The  same  observer 
saw  a  good  exemplification  of  the  manner  in  which  hybrids  may  be 
formed  iu  a  state  of  nature.  Some  wallflowers  and  pinks  had  been 
growing  in  a  garden,  in  a  dry  sunny  situation,  and  their  stigmas 
bad  been  ripened  so  as  to  be  moist,  and  to  absorb  pollen  with  avidity, 
although  their  anthers  were  not  yet  developed.  These  stigmas 
became  impregnated  by  pollen  blown  from  some  other  adjacent  plants 
of  the  same  species  ;  but  had  they  been  of  different  species,  and  not 
too  remote  in  their  organization,  mule  races  must  have  resulted. 

When,  indeed,  we  consider  how  busily  some  insects  have  been 
shown  to  be  engaged  in  conveying  anther-dust  from  flower  to  flower, 
especially  bees,  flower-eating  beetles,  and  the  like,  it  seems  a  most 
enigmatical  problem  how  it  can  happen  that  promiscuous  alliances 
between  distinct  species  are  not  perpetually  occurring. 

How  continually  do  we  observe  the  bees  diligently  employed  in 
collecting  the  red  and  yellow  powder  by  which  the  stamens  of  flowers 
are  covered,  loading  it  on  their  hind  legs,  and  carrying  it  to  their 
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hive  for  the  purpose  of  feeding  iheir  young  !  In  Iliu«  prondtDg  ta 
their  own  progeny,  these  insects  assist  materially  the  praoetH  fe 
fructificftlion.*  Few  persons  need  be  reminded  that  the  slareeaa  it 
certain  plants  grow  on  different  bioesoma  from  the  pistJU;  ui 
unless  tiie  summit  of  the  piBlil  be  touched  with  the  fertilizing  doM, 
the  fruit  does  not  swell,  nor  the  seed  arrive  at  mDturirj-.  It  U  b} 
the  help  of  bees  cbiefly,  that  the  development  of  (he  fruit  of  many  iwk 
species  is  secured,  the  powder  which  they  have  collected  from  iki 
stamens  being  unconsciously  left  by  them  in  visiting  the  pistils. 

How  often,  during  the  beat  of  a  summer's  day,  do  we  see  the  imIm 
of  dioecious  plants,  such  as  the  yew-tree,  standing  separate  fram  tl0 
females,  and  sending  off  into  the  nir,  upon  the  slightest  breath  «f 
wind,  clouds  of  buoyant  pollen '.  That  the  zephyr  should  so  naif 
intervene  to  fecundate  the  plants  of  one  species  with  the  antber-dost 
of  others,  seems  almost  to  realize  the  converse  of  the  minicte  belierel 
by  the  credulous  herdsmen  of  the  Lusitanian  mares  — 

Ore  omafs  vctue  in  Zephjruni.  FtanI  nipiboi  altii 
Exceplanlqoe  levcg  nuros :  el  Sipc  Mne  uUis 
Conjugiis,  veulo  grarids,  mirabile  dicnLf 

But,  in  the  first  place,  it  appears  that  there  is  a  natural  aver^cn 

most  of  the  successful  experiments  in  the  animal  and  vegetable  warM, 
some  violence  has  been  used  in  order  to  procure  impregnation.  The 
stigma  imbibes,  slowly  and  reluctantly,  the  granules  of  the  pollen  of 
another  species,  even  when  it  is  abundantly  covered  with  it;  and  it 
it  happen  that,  during  this  period,  ever  so  slight  a  quantity  of  tb« 
anther-dust  of  its  own  species  alight  upon  it,  this  is  instantly  absorbed, 
and  the  effect  of  the  foreign  pollen  destroyed.  Besides,  it  does  noi 
often  happen  that  the  male  and  female  organs  of  fructification,  ia 
different  species,  arrive  at  a  state  of  maturity  at  precisely  the  sime 
time.  Even  where  such  synchronism  does  prevail,  so  that  a  cross  im- 
pregnation is  effected,  the  cliances  are  very  numerous  against  the 
establishment  of  a  hjbrid  race. 

If  we  consider  the  vegetable  kingdom  generally,  it  must  be  re- 
collected that  even  of  the  seeds  which  are  well  ripened,  a  great  part 
are  either  eaten  by  insects,  birds,  and  other  animols,  or  decay  for 
want  of  room  and  opportunity  to  germinate.  UnbeaUby  plants  are 
the  first  which  are  cut  off  by  causes  prejudicial  to  the  species,  being 
usually  stifled  by  more  vigorous  individuals  of  their  own  kind.  11^ 
therefore,  the  relative  fecundity  or  hardiness  of  hybrids  be  in  the 
least  degree  inferior,  they  cannot  maintain  their  footing  for  many 
generations,  even  if  they  were  ever  produced  beyond  one  gencratioa 
in  a  wild  stale.  In  the  universal  struggle  for  existence,  the  right  of 
the  strongest  eventually  prevails :  and  the  strength  and  durabiUty 

*  See  BartoD  oa  the  Geography  of  Hantt,  p.  67.     f  Ototf-  lib.  iii.  273. 
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of  a  race  depends  mainly  on  its  prolificness,  in  which  hybrids  are  ac- 
knowledged to  be  deficient. 

Centaurea  hybrida,  a  plant  which  never  bears  seed»  and  is  supposed 
to  be  produced  bj  the  frequent  intermixture  of  two  well-known 
species  of  Centaurea,  grows  wild  upon  a  hill  near  Turin.  Ranunculus 
laceruSy  also  sterile,  has  been  produced  accidentally  at  Grenoble, 
and  near  Paris,  by  the  union  of  two  Ranunculi ;  but  this  occurred  in 
gardens.* 

Mr,  fferberfs  experiments,  —  Mr.  Herbert,  in  one  of  his  ingenious 
papers  on  mule  plants,  endeavours  to  account  for  their  non-occurrence 
in  a  state  of  nature,  from  the  circumstance  that  all  the  combinations 
that  were  likely  to  occur  have  already  been  made  many  centuries 
ago,  and  have  formed  the  various  species  of  botanists;  but  in  our 
gardens,  he  says,  whenever  species,  having  a  certain  degree  of  alHnity 
to  each  other,  are  transported  from  different  countries,  and  brought 
for  the  first  time  into  contact,  they  give  rise  to  hybrid  species. f 
But  we  have  no  data,  as  yet,  to  warrant  the  conclusion,  that  a  single  ^ 
permanent  hybrid  race  has  ever  been  formed,  even  in  gardens,  by  the 
intermarriage  of  two  allied  species  brought  from  distant  habitations. 
Until  some  fact  of  this  kind  is  fairly  established,  and  a  new  species, 
capable  of  perpetuating  itself  in  a  state  of  perfect  independence  of 
man,  can  be  pointed  out,  it  seems  reasonable  to  call  in  question 
entirely  tliis  hypothetical  source  of  new  species.  That  varieties  do  - 
sometimes  spring  up  from  cross-breeds,  in  a  natural  way,  can  hardly 
be  doubted  ;  but  they  probably  die  out  even  more  rapidly  than  races 
propagated  by  grafts  or  layers. 

Opinion  of  De    Candolle.  —  De  CandoUe,   whose  opinion  on  a 
philosophical  question  of  this  kind  deserves  the  greatest  attention, 
has  observed,  in  his  Essay  on  Botanical  Geography,  that  the  varieties 
of  plants  range  themselves  under  two  general  heads :  those  produced 
by  external  circumstances,  and  those  formed  by  hybridity.     After 
adducing  various  arguments  to  show  that  neither  of  these  causes  can 
explain  the  permanent  diversity  of  plants   indigenous  in  different 
regions,  he  says,  in  regard  to  the  crossing  of  races,  ••  I  can  perfectly 
comprehend  without   altogether   sharing  the  opinion,   that,    where 
many  species  of  the  same  genera  occur  near  together,  hybrid  species 
may  be  formed,  and  I  am  aware  that  the  great  number  of  species  of 
certain  genera  which  are  found  in  particular  regions  may  be  explained 
in  this  manner ;  but  I  am  unable  to  conceive  how  any  one  can  regard 
the  same  explanation  as  applicable  to  species  which  live  naturally  il 
great  distances.     If  the  three  larches,  for  example,  now  known  ii 
the  world,  lived  in  the  same  localities,  I  might  then  believe  that 
of  them  was  the  produce  of  the  crossing  of  the  two  others ;  but  I 
could  admit  that  the  Siberian   species  has  been  produced  Ijflb 
crossing  of  those  of  Europe  and  America.     I  see,  then,  tlui  Ikcn 
exist,  in  organized  beings,  permanent  differences  which  cttMl  le 

•  Hod.  and  Rev.  W.  Herbert,  Hort.  Trans ,  voL  iv.  p.  41. 


I 


COG  PEOPAGATIOSI  OF   HTBRIDS.  [Cm.  XXXU 

referred  to  any  one   of  U)«  actual  causes  of  variation,    sod  tbm 
differences  arc  whiit  constiluta  upecict"  * 

BeaUty  of  npfcifJi  ermfirmtd  by  the  phtnwnena  ofAy&ritb. — Tit 
mott  dedsive  arguments,  prrlinps.  ftmongM  many  mImts,  a^nM  ttu 
probttbility  of  the  ilerirntkm  i>f  permanent  gpecies  from  cruss-bnal^ 
are  to  be  drawn  from  the  fact  alluded  to  by  De  Candol]«,  of  sp«ekt 
having  &  close  affinity  to  each  other  occurring  in  distinct  botankil 
provinces,  or  coiintrii-s  inhabited  by  groups  of  distinct  spedtd  ft 
indigenous  plants ;  for  in  this  case  naturnlists,  who  are  not  prej<awl 
to  go  the  vhiAe  length  of  the  iransmmatiooists,  arc  under  the  newf 
■iiy  of  admitting  that,  in  some  eases,  species  which  approach  nrj 
nutr  to  each  other  in  their  c-haraclers,  were  so  rrcAtcd  from  ibtir 
Oiigin ;  an  adraisaion  faliil  (o  the  idea  of  its  being  a  genpral  law  d 
nature  that  a  few  original  type«  only  should  be  formed,  and  thai  all 
i-Dtermediiite  races  aliould  spring  from  the  intermixture  of  tboM 
stocks. 

This  notion,  indeed,  is  wholly  at  variance  wilb  all  liial  we  kao* 
&f  hybrid  generation;  for  the  phenomena  entitle  ws  lo  nfllroi,  tinl 
hud  the  types  been  at  first  somewhat  distant,  no  erots-hrettts  rttU 
CTwr  hart  brtn  prnduerd,  much  less  ihos^?  proliSc  meed  which  we  do* 
recognise  as  distinct  species. 

In  nganl.  nioreovcr,  to  ihp  pcrmniienf  propiigiitifin  nf  hylirid  raw* 
among  animals,  insuperable  difficullies  present  themselves,  when  we 
endeavour  to  conceive  the  blending  together  of  the  different  instinctt 
and  propensities  of  two  species,  so  as  to  insure  the  preservation  of 
the  intermediate  race.  The  common  mule,  when  obtained  by  haniia 
art,  may  be  protected  by  the  power  of  man ;  but,  in  a  wild  state,  it 
would  not  have  precisely  the  same  wants  cither  ns  the  horse  or  the 
ass  ;  and  if,  in  consequence  of  some  difference  of  this  kind,  it  etniytd 
from  the  herd,  it  would  soon  be  hunted  down  by  beasts  of  prey,  and 
destroyed. 

If  we  take  some  genus  of  insects,  such  as  the  bee,  we  find  tbit 
each  of  the  numerous  species  lias  some  difference  in  its  habits,  ill 
mode  of  collecting  honey,  or  constructing  its  dwelling,  or  proTidisj 
for  its  young,  and  other  particulars.  In  the  case  of  the  common 
hive  bee,  the  workers  are  described,  by  Kirby  and  Spcnce,  as  being 
endowed  with  no  less  than  thirty  distinct  instinct?. f  So  also  we  find 
that,  amongst  a  most  numerous  class  of  spiders,  there  arc  nearly  u 
many  different  modes  of  spinning  their  wcbd  as  there  are  specie)- 
When  we  recollect  how  complicated  are  the  relations  of  these 
instincts  with  co-existing  species,  both  of  the  animal  and  regetable 
kingdoms,  it  is  scarcely  possible  to  imagine  that  a  bastard  race  conU 
spring  from  the  union  of  two  of  these  species,  and  retain  just  so  muck 
of  the  qualities  of  each  parent  stock  as  to  preserve  its  ground  in  spite 
of  the  dangers  which  surround  it. 

We  might  also  ask,  if  a  few  generic  types  alone  liave  been  ereattJ 

*  Eesiu  ElOmentaire,  Jtcc,  Smc  panic,      f  lotr.  to  Eatoot.  vol.  ii.  p.  S04.  cd.  Ilir, 
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among  insects,  and  the  intermediate  species  have  proceeded  from 
hybridity,  where  are  those  original  types,  combining,  as'  they  ought 
to  do,  the  elements  of  all  the  instincts  which  have  made  their  appear- 
ance in  the  numerous  derivative  races  ?  So  also  in  regard  to  animals 
of  all  classes,  and  of  plants ;  if  species  are  in  general  of  hybrid  origin,  ^ 
where  are  the  stocks  which  combine  in  themselves  the  habits,  proper- 
ties, and  organs,  of  which  all  the  intervening  species  ought  to  afford 
us  mere  modifications  ? 

Recapitulation  of  the  arguments  from  hybrids.  —  I  shall  now  con- 
clude this  subject  by  summing  up,  in  a  few  words,  the  results  to 
which  I  have  been  led  by  the  consideration  of  the  phenomena  of 
hybrids.  It  appears  that  the  aversion  of  individuals  of  distinct  < 
species  to  the  sexual  union  is  common  to  animals  and  plants ;  and 
that  it  is  only  when  the  species  approach  near  to  each  other  in  their 
oi^nization  and  habits,  that  any  offspring  are  produced  from  their 
connexion.  Mules  are  of  extremely  rare  occurrence  in  a  state  of 
nature,  and  no  examples  are  yet  known  of  their  having  procreated  in 
a  wild  state.  But  it  has  been  proved,  that  hybrids  are  not  universally 
sterile,  provided  the  parent  stocks  have  a  near  affinity  to  each  other, 
although  the  continuation  of  the  mixed  race,  for  several  generations, 
appears  hitherto  to  have  been  obtained  only  by  crossing  the  hybrids 
with  individuals  of  pure  species ;  an  experiment  which  by  no  means 
bears  out  the  hypothesis  that  a  true  hybrid  race  could  ever  be  per' 
manently  established. 

Hence  we  may  infer,  that  aversion  to  sexual  intercourse  is,  in 
general,  a  good  test  of  the  distinctness  of  original  stocks,  or  of 
species ;  and  the  procreation  of  hybrids  is  a  proof  of  the  very  near 
affinity  of  species.  Perhaps,  hereafter,  the  number  of  generations 
for  which  hybrids  may  be  continued,  before  the  race  dies  out  (for  it 
seems  usually  to  degenerate  rapidly),  may  afford  the  zoologist  and 
botanist  an  experimental  test  of  the  difference  in  the  degree  of  affinity 
of  allied  species. 

I  may  also  remark,  that  if  it  could  have  been  shown  that  a  single  / 
permanent  species  had  ever  been  produced  by  hybridity  (of  which 
there  is  no  satisfactory  proof),  it  might  certainly  have  lent  some 
countenance  to  the  notions  of  the  ancients  respecting  the  gradual 
deterioration  of  created  things,  but  none  whatever  to  Lamarck's 
theory  of  their  progressive  perfectibility;  for  observations  have 
hitherto  shown  that  there  is  a  tendency  in  mnle  animals  and  plants 
to  degenerate  in  organization. 

It  was  before  remarked,  that  the  theory  of  progressive  develop- 
ment arose  partly  from  an  attempt  to  ingraft  the  doctrines  of  the 
transmutationists  upon  one  of  the  most  popular  generalizations  in 
geology.  But  we  have  seen  in  the  ninth  chapter,  that  the  modem 
researches  of  geologists  have  broken  at  many  points  the  chain  of 
evidence  once  supposed  to  exist  in  favour  of  the  doctrine,  that,  at  each 
successive  period  in  the  earth's  history,  animals  and  plants  of  a  higher 
grade,  or  more  complex  organisation,  have  been  created.  The  recent 
origin  of  man,  and  the  absence  of  all  signs  of  any  rationai  \^\Tk% 
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holding  an  analogous  relation  to  former  states  of  the  animate  « 
affords  one,  and  perhaps  in  the  present  Biate  of  science  tlte 
argument  of  much  weiglit  in  support  of  the  hypothesis  of  a  prof^roa 
eiTe  scheme ;  but  none  whatever  in  favour  of  the  fancied  eroiiHafl 
of  one  specieB  out  of  another. 

Tktory  of  the  gradation  in  intellect  as  iliown  by  tk*  facial  e 
—  When  the  celebrated  anatamiet.  Camper,  first  utlcmptrd  lo  cat 
mate  the  degrees  of  sagacity  of  diffiarent  animals,  and  of  the  race*  rf 
man,  by  the  measurement  of  tlie  facial  angle,  some  speculalon 
bold  enough  to  affirm,  that  certain  SimitE,  or.  apes,  differed  as  litdt 
from  the  more  eavnge  races  of  men,  as  those  do  from  ihe  humao 
in  general ;  and  that  a  scale  might  be  traced  from  "  apes  with  U*^. 
heads  villanous  low"  to  the  African  variety  of  the  butnao  sp 
and  from  that  to  the  European.  The  facial  angle  was  mea^nrad  tf 
drawing  a  line  from  the  prominent  centre  of  the  forehead  to  the 
advanced  part  of  the  lower  jaw-bone,  anil  observing  the  angle  whiA 
it  made  with  the  horizontal  line;  and  it  was  affirmud,  that  liienv* 
a  regular  series  of  such  angles  from  birds  to  tite  maiainalia. 

The  gradation  from  tlie  dog  to  the  monkey  was  said  to  be  pericA 
and  from  that  again  to  man.  One  of  the  ape  tribe  has  a  facial  ai^ 
of  42°;  and  another,  which  approximated  nearest  to  man  in  AgBT4 
an  angle  of  50°.  To  this  succeeds  (I ongo  sed  proximus  iniertsIEi') 
the  head  of  the  African  negro,  which,  as  well  as  that  of  the  Kilm^. 
forma  an  angle  of  70°;  while  that  of  the  European  contains  «>'". 
The  Roman  piiinters  preferred  the  angle  of  Qa'\  and  the  characitf 
of  beauty  and  sublimity,  so  striking  in  Home  works  of  Gn^cian  fcutp- 
turc,  as  in  the  head  of  the  Apollo,  and  in  the  Medusa  of  Si*otl«,  n 
given  by  an  angle  which  amounts  to  100°.  * 

A  great  number  of  valuable  facts  and  curious  analogies  in  earn- 
parative  anatomy  were  brought  to  light  during  tiie  iiire5tig3ti>>iiJ 
which  were  made  hy  Camper,  John  Hunter,  and  others,  to  illui^trsM 
this  sealo  of  organinnlion  ;  and  their  facts  and  generalizations  iuu<t 
not  bu  coiifuunJtiJ  with  the  funci/ul  ey&leais  nhlcli  ^Yllile  and  olheit 
deduced  from  them.} 

That  there  is  some  connexion  between  an  elevated  and  capaciont 
forehead,  in  certain  races  of  men,  and  a  large  development  of  tbc 
intellectual  faculiiee,  8eeras  highly  probable  ;  and  that  a  low  fadtl 
angle  is  frequently  accompanied  with  inferiority  of  mental  powen, 
is  certain  ;  but  the  attempt  to  trace  a  graduated  scale  of  intelligence 
through  the  different  species  of  animals  accompanying  the  modifin- 
tions  of  the  form  of  the  skull,  is  a  mere  visionary  speculation.  I' 
lias  been  found  necessary  to  exaggerate  the  sagacity  of  the  ape  tribe 
at  the  expense  of  the  dog;  and  strange  contradictions  have  ariMB 
in  the  cunclusions  deduced  from  the  structure  of  the  elephant ;  fonn 
anatomists  being  disposed  to  deny  the  quadruped  the  intelligcM* 
which  he  really  possesses,  because  they  found  that  the  volume  of  tii 

■  Prichord'a  Fhjt.  Hi«t.  of  Mankind,  t  Cb.  White  oa  the  VLcgaUi  Gtti*- 
fd.Lp.ia9.  tkiBin]bn,ftc  1799. 
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brain  was  small  in  comparison  to  that  of  the  other  mammalia ;  while 
others  were  inclined  to  magnify  extravagantly  the  superioritj  of  his 
intellect,  because  the  vertical  height  of  his  skull  is  so  great  when 
compared  to  its  horizontal  length. 

Different  races  of  men  are  all  of  one  species. — It  would  be 
irrelevant  to  our  subject  if  we  were  to  enter  into  a  farther  discussion 
on  these  topics ;  because,  even  if  a  graduated  scale  of  organization  and 
intelligence  could  have  been  established,  it  would  prove  nothing  in 
favour  of  a  tendency,  in  each  species,  to  attain  a  higher  state  of  per- 
fection. I  may  refer  the  reader  to  the  writings  of  Blumenbach, 
Prichard,  Lawrence,  and  more  recently  Latham*,  for  convincing 
proofs  that  the  varieties  of  form,  colour,  and  organization  of  different 
races  of  men,  are  perfectly  consistent  with  the  generally  received 
opinion,  that  all  the  individuals  of  the  species  have  originated  from  a 
single  pair ;  and,  while  they  exhibit  in  man  as  many  diversities  of  a 
physiological  nature  as  appear  in  any  other  species,  they  confirm  also 
the  opinion  of  the  slight  deviation  from  a  common  standard  of  which 
species  are  capable. 

The  power  of  existing  and  multiplying  in  every  latitude,  and  in 
every  variety  of  situation  and  climate,  which  has  enabled  the  great 
human  family  to  extend  itself  over  the  habitable  globe,  is  partly, 
says  Lawrence,  the  result  of  physical  constitution,  and  partly  of  the 
mental  prerogative  of  man.  If  he  did  not  possess  the  most  enduring 
and  flexible  corporeal  frame,  his  arts  would  not  enable  him  to  be  the 
inhabitant  of  all  climates,  and  to  brave  the  extremes  of  heat  and 
cold,  and  the  other  destructive  influences  of  local  situation.f  Yet, 
notwithstanding  this  flexibility  of  bodily  frame,  we  find  no  signs  of 
indefinite  departure  from  a  common  standard,  and  the  intermarriages 
of  individuals  of  the  most  remote  varieties  are  not  less  fruitful  than 
between  those  of  the  same  tribe. 

Tiedemann  on  the  brain  of  the  foetus  in  vertebrated  animals. — 
There  is  yet  another  department  of  anatomical  discovery  to  which  I 
must  allude,  because  it  has  appeared  to  some  persons  to  afford  a 
distant  analogy,  at  least,  to  that  progressive  development  by  which 
some  of  the  inferior  species  may  have  been  gradually  perfected  into 
those  of  more  complex  organization.  Tiedemann  found,  and  his  dis- 
coveries have  been  most  fully  confirmed  and  elucidated  by  M.  Serres, 
that  the  brain  of  the  fostus,  in  the  highest  class  of  vertebrated  animals, 
assumes,  in  succession,  forms,  bearing  a  certain  degree  of  resem- 
blance to  those  which  belong  to  fishes,  reptiles,  and  birds,  before  it 
acquires  the  additions  and  modifications  which  are  peculiar  to  the 
mammiferous  tribe ;  so  that,  in  the  passage  from  the  embryo  to  the 
perfect  mammifer,  there  is  a  typical  representation,  it  is  said,  of  all 
those  transformations  which  the  primitive  species  are  supposed  to 


♦  R.  G.  Ijathani,  Tlio  Nat.  Hist,  of  f  Lawrence,  Lectures  on  Phys.  Zool. 
the  Varieties  of  Man,  Sy(x  London,  and  Nat.  llist.  of  Man,  p.  192.  Ed. 
1850.  1823. 
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m4  tUa ukM place boMMffewowlr H an dMH*.  IWfleeaadpM' 
vin  pw  M  (ba  wgiaJMliaa  af  nptflaii  tfaa  Aird,  As  Iwftrf 
birtbi  sad  thefoBi^  theeoBplexlMaiipknaaf  HaMMalift. 

"  If  wi!  cuaU  derdop  tbe  difiocat  parU  of  ifca  hnu  af  tte  iiCn> 
dtma,  w«  •bcmU  maVc,  in  sncOHMO,  a  icfMile  oat  cf  a  fiifc.  »  Nri 
oUof  are^Oe,  and  a  nMinmifiEnw^aadrBpadtMt  of  a  bu^  K* 
Ifca  mmlnrj,  we  cunld  Karrc  thii  of^u  ia  the  irf^T-il^t.  «e  aickl 
redoM  it  ttumwiTclj  to  (be  coodition  of  tbc  braia  of  tbe  ibnti*' 
feiior  cliwc-t. 

"  Natare  oft«a  preeenb  bb  with  thii  Utt  pbeBomaun  in  aoaMn 
,  but  neter  exhibiu  t!ie  firtt.  Among  ibe  rarioa*  dc£oraiti«  wkiti 
orgaoittd  beinga  may  experience,  tbef  n«Ter  paM  ibe  Umiu  of  tbat 
Ofrn  cUises  to  pat  cm  tbe  fornu  of  tbe  e\»i*  above  tben.  Netrcr  doB 
a  Gab  e!eTat£  itielf  so  u  to  auume  tbe  form  of  tbe  brajn  of  a  Rpobt 
nor  doM  tbe  latler  ever  altain  tbat  of  birds ;  nor  tb«  bird  ibat  of  ibi 
tuammirer.  It  maj  happen  tliat  a  momt^  maj  liate  twta  bci^t 
but   tbe   confurmation   of   [be   brain   alwajrs  remain* 
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(1845),  has  ebown  that  tbe  concurrent  labours  of  Valealin,  BaU(- 
and  Biscbofi' disprove  tbe  realitj  of  tbe  supposed  anatomical  antli^ 
between  the  embryo  condition  of  certain  orgaiu  in  tbe  higbtf 
orders,  and  tbe  perfect  structure  of  the  same  organs  in  animab  of 
an  inferior  class.  Tbe  hearts  and  brains,  for  example,  of  birds  tod 
mmnnialB  do  not  pass  through  forms  which  are  permanent  in  fiibei 
and  reptiles;  there  is  only  just  BO  much  reaemblance  as  may  pcoai  u 
a  unity  uf  plan  running  througb  tbe  organization  of  tbe  wbole  sen" 
of  vertcbratcd  animals;  but  which  lends  no  support  whatever  toi^ 
notion  of  a  gradual  transmutation  of  one  species  into  another;  )e*^ 
of  all  of  tbe  passage,  in  the  course  of  many  generations,  from  •> 
animal  of  a  more  simple  to  one  of  a  more  complex  structure. 

Jlecapitulation. — For  the  reasons,  therefore,  detailed  in  this  u' 
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the  two  preceding  chapters,  we  may  draw  the  following  inferences  in 
regard  to  the  reality  of  species  in  nature  : — 

^.  1st.  That  there  is  a  capacity  in  all  species  to  accommodate  them- 
selves, to  a  certain  extent,  to  a  change  of  external  circamstances^ 
this  extent  varying  greatly,  according  to  the  species. 

2ndly.  When  the  change  of  situation  which  they  can  endure  is 
great,  it  is  usually  attended  hy  some  modifications  of  the  form,  colour, 
size,  structure,  or  other  particulars  ;  hut  the  mutations  thus  super- 
induced are  governed  by  constant  laws,  and  the  capability  of  so 
varying,  forms  part  of  the  permanent  specific  character. 

3dly.  Some  acquired  peculiarities,  of  form,  structure,  and  instinct, 
are  transmissible  to  the  offspring ;  but  these  consist  of  such  qualities 
and  attributes  only  as  are  intimately  related  to  the  natural  wants  and 
propensities  of  the  species. 

4thly.  The  entire  variation  from  the  original  type,  which  any  given 
kind  of  change  can  produce,  may  usually  be  efibcted  in  a  brief  period 
of  time,  after  which  no  farther  deviation  can  be  obtained  by  continuing 
to  alter  the  circumstances,  though  ever  so  gradually ;  indefinite 
divergence,  either  in  the  way  of  improvement  or  deterioration,  being 
prevented,  and  the  least  possible  excess  beyond  the  defined  limits 
being  fatal  to  the  existence  of  the  individual. 

5thly.  The  intermixture  of  distinct  species  is  guarded  against  by 
the  aversion  of  the  individuals  composing  them  to  sexual  union,  or 
by  the  sterility  of  the  mule  ofi*3pring.  It  does  not  appear  that  true 
hybrid  races  have  ever  been  perpetuated  for  several  generations,  even 
by  the  assistance  of  man ;  for  the  cases  usually  cited  relate  to  the 
crossing  of  mules  with  individuals  of  pure  species,  and  not  to  the 
intermixture  of  hybrid  with  hybrid. 

6thly.  From  the  above  considerations,  it  appears  that  species  have 
a  real  existence  in  nature ;  and  that  each  was  endowed,  at  the  time 
of  its  creation,  with  the  attributes  and  organization  by  which  it  is 
now  distinguished. 
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Alwlogy  of  tiimaWnol  nttcnded  willi  identity  of  species — BoUnical  gvosn^^ 
— Rtatiuni — II[kbitatiun» — Dtsunct  firoriiicM  of  indigenans  plutis — Ttf*- 
tion  of  inlands — Matitie  vogcta^on  —  In  whal  monuvr  plains  lx«oTiie  Jilsd 
—  ESeeu  of  wind,  tiien,  nuuinc  eomnU — AgciK-j  of  aniataU  —  HaajittA 
past  Ihrougli  ifie  stunuichi  oT Miiauili  and  lurdi  undigested  —  Akoikj  of  wtak 
the  cliBi-enion  of  ploat*,  both  TolanUry  aad  inToUmtarf  —  Its  MMlogy  to  4M 
of  lliE  mferior  aniouJi. 

Next  to  determining  the  question  vhether  species  hara  a  nit 
existence,  the  consideration  of  llie  laws  which  regiibl«  tlieir  gftft* 
phical  distribution  is  a  subject  of  primary  imporiance  to  Um  geologic 
It  is  only  by  studying  these  laws  with  nttcniian,  by  obsentin;  Ik 
positions  which  groups  of  species  occupy  at  present,  and  inqiiiraif 
how  these  may  be  varied  in  the  coarse  of  time  by  migrationa,  ky 
changes  in  pliysical  geograpliy,  and  other  cnuses,  that  we  ran  hot 
to  learn  whether  the  duration  of  species  be  limited,  or  in  fthai  mino* 
the  state  of  the  animate  world  is  affected  by  the  endless  vicissiinil'* 
of  the  inanimate. 

Different  regiom  inhabited  6t/  disdnct  specie*.  —  Tiiat  ditfem 
regions  of  the  globe  arc  inhabited  by  entirely  distinct  animals  uA 
plant.%  is  a  fact  which  has  been  familiar  to  all  naturalists  eince  Buffu* 
first  pointed  out  the  want  of  specific  indcntity  between  the  land  qii»- 
drupeda  of  America  and  those  of  the  Old  World.  The  same  phe- 
nomenon has,  in  later  times,  been  forced  in  a  striking  manner  opaa 
our  attention,  by  the  examination  of  New  Holland,  where  ike 
indigenous  species  of  animals  and  plants  were  found  to  be,  almosl 
without  exception,  distinct  from  those  known  in  other  parts  of  the 
world. 

But  the  extent  of  tliis  parcelling  out  of  the  globe  amongst  differnt 
nations,  as  they  have  been  termed,  of  plants  and  animals  —  the 
universality  of  a  phenomenon  so  extraordinary  and  unexpected,  miy 
be  considered  as  one  of  the  most  interesting  facts  clearly  establisM 
by  the  advance  of  modem  science. 

Scarcely  fourteen  hundred  species  of  plants  appear  to  hare  be« 
Icnown  and  described  by  the  Greelis,  Romans,  and  Arabians.  Al 
present,  more  than  three  thousand  species  are  enumerated,  as  natiTO 
of  our  own  island.*  In  other  parts  of  the  world  there  have  been  no* 
collected  (1846)  upwards  of  100,000  species,  specimens  of  which  iit 
pi-oserved  in  European  herbariums.  It  was  not  to  be  suppowd. 
tlierefurc,  that  the  ancients  should  have  acquired  any  correct  Dolioai 
respecting  what  may  be  calUd  the  geography  of  plants,  although  tbc 

*  Buton'ftLcaiuuoa  theOcogT^ilijofFlantiip.  9.  1E37. 
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influence  of  climate  on  the  character  of  the  vegetation  could  hardly 
have  escaped  their  observation. 

Antecedently  to  investigation^  there  was  no  reason  for  presuming 
that  the  vegetable  productions,  growing  wild  in  the  eastern  hemi- 
sphere, should  be  unlike  those  of  the  western,  in  the  same  latitude ; 
nor  that  the  plants  of  the  Cape  of  Good  Hope  should  be  unlike  those 
of  the  south  of  Europe ;  situations  where  the  climate  is  little  dis- 
similar. The  contrary  supposition  would  have  seemed  more  probable, 
and  we  might  have  anticipated  an  almost  perfect  identity  in  the 
animals  and  plants  which  inhabit  corresponding  parallels  of  latitude. 
The  discovery,  therefore,  that  each  separate  region  of  the  globe,  both 
of  the  land  and  water,  is  occupied  by  distinct  groups  of  species,  and 
that  most  of  the  exceptions  to  this  general  rule  may  be  referred  to 
disseminating  causes  now  in  operation,  is  eminently  calculated  to 
excite  curiosity,  and  to  stimulate  us  to  seek  some  hypothesis  re- 
specting the  first  introduction  of  species  which  may  be  reconcileable 
with  such  phenomena. 

Botanical  geography.-^ A.  comparison  of  the  plants  of  different 
r^ions  of  the  globe  affords  results  more  to  be  depended  upon  in  the 
present  state  of  our  knowledge  than  those  relating  to  the  animal 
kingdom,  because  the  science  of  botany  is  more  advanced,  and  pro- 
bably comprehends  a  great  proportion  of  the  total  number  of  the 
vegetable  productions  of  the  whole  earth.  Humboldt,  in  several 
eloquent  passages  of  his  Personal  Narrative,  was  among  the  first  to 
promulgate  philosophical  views  on  this  subject.  Every  hemisphere, 
says  this  traveller,  produces  plants  of  different  species ;  and  it  is  not 
by  the  diversity  of  climates  that  wo  can  attempt  to  explain  why 
equinoctial  Africa  has  no  Laurinese,  and  the  New  World  no  Heaths ; 
why  the  Calceolarias  are  found  only  in  the  southern  hemisphere ;  why 
the  birds  of  the  continent  of  India  glow  with  colours  less  splendid 
than  the  birds  of  the  hot  parts  of  America :  finally,  why  the  tiger  is 
peculiar  to  Asia,  and  the  ornithorhynchus  to  New  Holland.* 

«  We  can  conceive,"  he  adds,  '^that  a  small  number  of  the  families 
of  plants,  for  instance,  the  Musacese  and  the  Palms,  cannot  belong  to 
very  cold  regions,  on  account  of  their  internal  structure  and  the 
importance  of  certain  organs ;  but  we  cannot  explain  why  no  one  of 
the  family  of  Melastomas  vegetates  north  of  the  parallel  of  thirty 
degrees;  or  why  no  rose-tree  belongs  to  the  southern  hemisphere. 
Analogy  of  climates  is  often  found  in  the  two  continents  without 
identity  of  prod  notions."  f 

The  luminous  essay  of  De  Candolle  on  "Botanical  Geography" 
presents  us  with  the  fruits  of  his  own  researches  and  those  of 
Humboldt,  Brown,  and  other  eminent  botanists,  so  arranged,  that 
the  principal  phenomena  of  the  distribution  of  plants  are  exhibited 
in  connexion  with  the  causes  to  which  they  are  chiefly  referrible.  J 
'*  It  might  not,  perhaps,  be  diflBicult,"  observes  this  writer,  "  to  find 

•  Pcrs.  Nar^  toL  v.  p,  180.  t  Easai  Elementaire  de  G^ograpbie 

t  Ibid.  Botaniqae.    Extrait  da  ISme  toL  da 

Dick,  des  Sd.  Nat 
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two  points,  in  the  TTnited  8tat(?a  and  in  Europe,  or  lo  AqaJMiM 
America  and  Africa,  which  preseiit  all  the  same  ctrcumitBOMi :  A 
for  example,  the  same  temperature,  the  same  hdglil  abore  flic 
a  nmilar  soil,  an  equal  dose  of  humidity ;  jet  nearly  lUI,  ptrAapt  4 
the  plants  in  thcge  ttvo  similar  loeatittcs  shall  be  dierinct.  A  eeroii 
degree  of  analogy,  indeed,  of  aspect,  and  eren  of  atractar«,  w^ 
▼ery  possibly  he  discorerablc  between  the  plants  of  the  two  loca&ia 
in  question ;  but  the  tpeetn  woald  in  general  be  different.  I. 
stances,  therefore,  difierent  from  those  which  now  dtttrrmiae  Al 
italunu,  have  had  an  influence  on  (be  habitations  of  plants." 

Stationx  and  habitations  of  plant*. — Aa  I  shall  rr«]u«nlly 
occasion  to  speak  of  the  stalioiu  and  habilationt  of  plant*  is  tli 
technical  sense  in  which  the  terms  are  used  in  the  abore  paa«ag^~ 
may  remind  the  geologist  tbat  station  indicates  th«  pt.-cuUar 
of  tlie  locality  where  each  species  is  accustomed  to  grovr,  a 
reference  to  climate,  soil,  humidity,  light,  eleratlon  abore  tha  mt, 
and  other  analogous  circumstances;  whereas,  by  habitatioo  ta 
a  general  indication  of  the  country  where  a  plant  grows  wild.  Tte 
the  ttation  of  a  plant  may  be  a  s^t-marsh.  a  bill-siito,  the  bed  of 
Bea,  or  a  stagnant  pool.  Its  habitation  may  be  Eiirop«,  North  Aw> 
rlea,  or  New  Holland,  between  the  tropics.  The  etudr  of  s 
has  been  styled  the  topography,  that  of  habilotions  the  geographr,  tt 
botany.  The  terms  thus  de6ned,  express  each  a  distinct  cIim  d 
ideas,  which  have  been  often  confounded  together,  nod  whidi  in 
equally  applicable  \a  zoology. 

In  fartlier  illustration  of  the  principle  abore  alluded  to,  that  &■ 
ference  of  longitude,  independently  of  any  influence  of  temperatstt 
is  accompanied  by  a  great,  and  sometimes  a  cocnpleie,  diversityli 
the  species  of  plants,  Ue  Candolle  observes,  that,  out  of  2S9I  sp««ie) 
of  phEcnogaraous  plants  described  by  Pursb,  in  the  United  Statu. 
there  are  only  385  which  are  found  in  northern  or  temperate  Euitfa 
MM.  Humboldt  and  Bonpland,  in  all  their  tr.-ivels  through  c^ 
nodial  America,  found  only  twenty-four  species  (these  beiiig  J 
Cyperacoaa  and  Graminese)  common  to  America  and  any  part  of  tV 
Old  World.  They  collected,  it  is  true,  chiefly  on  the  mountaiwi 
or  the  proportion  would  hare  been. larger;  for  Dr.  J.  Hootff 
informs  me  that  many  tropical  plants  of  the  New  World  are  idenMtl 
with  African  species.  Ncvcriheless,  the  general  discordance  of  tbM 
Floras  is  very  striking.  On  comparing  New  Holland  with  Eortf^ 
Mr.  Brown  ascertained  that,  out  of  4100  species,  di.fcovcred  ii 
Australia,  there  were  only  166  common  to  Europe,  and  of  this  smI 
numlwr  there  were  some  few  which  may  have  been  trantportd 
tliilher  by  man.  Almost  all  of  the  166  species  were  crypiogami&n* 
the  rest  consist,  in  nearly  every  case,  of  phnmogamous  plants  whit* 
also  inhabit  intervening  regions. 

But  what  is  still  more  remarkable,  in  the  more  widely  separti'' 
parts  of  the  ancient  continent,  notwithstanding  the  existence  of  ■" 
uninterrupted  landcomtnunicaiton,  the  direr^ly  in  the  qxviic 
Ohiracter  ot  Ow  re5^cV\''«i-seijfc\».\\ii\is  \s  almost  as  striking,     Ti» 
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there  is  found  one  assemblage  of  species  in  China,  another  in  the 
countries  bordering  the  Black  Sea  and  the  Caspian,  a  third  in  those 
surrounding  the  Mediterranean,  a  fourth  in  the  great  platforms  of 
Siberia  and  Tartarj,  and  so  forth. 

The  distinctness  of  the  groups  of  indigenous  plants,  in  the  same 
parallel  of  latitude,  is  greatest  where  continents  are  disjoined  bj  a 
wide  expanse  of  ocean.  In  the  northern  hemisphere,  near  the  pole, 
where  the  extremities  of  Europe,  Asia,  and  America  unite  or  ap- 
proach near  to  one  another,  a  considerable  number  of  the  same 
species  of  plants  are  found,  common  to  the  three  continents.  But  it 
has  been  remarked,  that  these  plants,  which  are  thus  so  widely 
diffused  in  the  arctic  regions,  are  also  found  in  the  chain  of  the 
Aleutian  islands,  which  stretch  almost  across  from  America  to  Asia, 
and  which  may  probably  have  served  as  the  channel  of  communica- 
tion for  the  partial  blending  of  the  Floras  of  the  adjoining  regions. 
It  has,  indeed,  been  observed  to  be  a  general  rule,  that  plants  found 
at  two  points  very  remote  from  each  other  occur  also  in  places  inter- 
mediate. 

Dr.  J.  Hooker  informs  me  that  in  high  latitudes  in  the  southern 
ocean,  in  spite  of  the  great  extent  of  the  sea.  Floras  of  widely  dis- 
connected islands  contain  many  species  in  common.  Perhaps  ice- 
bergs, transporting  to  vast  distances  not  only  stones,  but  soil  with 
the  seeds  of  plants,  may  explain  this  unusually  wide  diffusion  of 
insular  plants. 

In  islands  very  distant  from  continents  the  total  number  of  plants 
is  comparatively  small;  but  a  large  proportion  of  the  species  are 
such  as  occur  nowhere  else.  In  so  far  as  the  Flora  of  such  islands  is 
not  peculiar  to  them,  it  contains,  in  general,  species  common  to  the 
nearest  main  lands.*  The  islands  of  the  great  southern  ocean 
exemplify  these  rules ;  the  easternmost  containing  more  American, 
and  the  western  more  Indian  plants.t  Madeira  and  Teneriffe  con- 
tain many  species,  and  even  entire  genera,  peculiar  to  them ;  but 
they  have  also  plants  in  common  with  Portugal,  Spain,  the  Azores, 
and  the  north-west  coast  of  Africa.  J 

In  the  Canaries,  out  of  533  species  of  phsenogamous  plants,  it  is 
said  that  310  are  peculiar  to  these  islands,  and  the  rest  identical  with 
those  of  the  African  continent;  but  in  the  Flora  of  St. Helena, 
which  is  so  far  distant  even  from  the  western  shores  of  Africo,  there 
have  been  found,  out  of  thirty  native  species  of  the  phffinogamous 
class,  only  one  or  two  which  are  to  be  found  in  any  other  part  of  the 
globe.  On  the  other  hand,  of  sixty  cryptogamic  plants,  collected  by 
Dr.  J.  Hooker  in  the  same  island,  twelve  only  were  peculiar. 

The  natural  history  of  the  Galapagos  archipelago,  described  by 
Mr.  Darwin,  affords  another  very  instructive  illustration  of  the  laws 
governing  the  geographical  distribution  of  plants  and  animals  in 
islands.     This  group  consists  of  ten  principal  islands,  situated  in  the 

♦  Frichard,  vol.  i.  p.  36.  Brown,  Ap-  J  Hamboldt,  Pcrs.  Nar.,  vol,  i.  p.  270. 
pendix.  to  Flinders.  of  the  translation.    Prichaid,  Phys.  Hist, 

f  Forster,  Observations,  &c.  of  Manldnd,  vol  i.  p.  97. 
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Pacific  Ocean,  under  llic  equator,  about  600  miles  weftlwanl  d  lit 
cout  of  Soutli  America.     As  they  are  all  formed  of  rolcanic  iw 
many  of  tlie  craters,  of  wliieli  ttitTc  are  about  2000  in  namber,  h»n( 
a  very  fre^Ii  aspect,  we  may  regard  the  wtiale  as  much  mora  »ote 
in  origin  than  the  maea  of  tlie  adjoining  continent;  jrt  ndtlMT  b 
llic  Flora  or  Fauna  been  derived  from  South  America,  but  eooitt 
of  epeciea,  for  lUe  most  port,  indigenous,  yet  stamped  with  a  dune- 
ter  decidedly  South  American. 

What  is  still  more  eingul:Lr,  there  ia  a  diSerencu  between  Ik 
species   inlmbiting  the  different  islands.      Of  flowering   pUiUs.  i> 
example,  there  are  185  species  at  present  known,  nnd  forty  ajf^ 
gomic,  making  together  2'25.     One  hundred  of  the  fonit>;r  clui  «* 
new  sjtecies,  probably  confincl  to  thi^  archipeltigo;  and  of  Umidi. 
(en  nt  least  have  been  introduced  by  man-     Ortwonly-tmi^  ipedesU 
Comjtotita,  uU  but  one  are  peculiar,  and  they  belong  to  twelve  C**^*' 
no  less  than  ten  of  whlcli  genera  arc  confined  to  the  Gnlapago*.    Dr. 
Hooker   observes,    that   the  type  of  tlus  Flora  Las  an  nndmiUri 
relation  to  that  of  the  western  side  of  South  America,  and  be  dctecu 
in  it  no  affinity  with  that  of  tbe  numerous  islands  scattrrrd  «n; 
Other  parts  of  the  Facilic     So  in  regard  to  iho  birds,  reptile*,  bai- 
sliells,  and  insects,  this  archipelago,  standing  as  il  does  in  tlw  Padfa 
Ocean,  is  zoologically  part  of  America.     Although  eacb  nnall  hhid 
is  not  more  Ihnn  fifty  or  sixty  miles  apart,  and  most  of  ilieri  .-i-  -- 
sight  of  each  other,  formed  of  precisely  the  same  rocks,  rising  w------ 

to  an  equal  height,  and  placed  under  a  similar  climate,  xhvy  ir-  -- 
nonted  each   by  a  diSerent  set  of  beings,  the  torin*;.-.    :  -: 

thrushes,  finches,  beetles,  scarcely  any  of  them  CYtr  i 
whole,  and  often  not  even  common  to  aay  two  of  tlm  i^^i^it^^ 

"  The  archipelago,"  says  Mr.  Darwin,  "  is  a  little  world  witlui 
itself,  or  rather  a  satellite  attached  to  America ;  whence  it  has  de- 
rived a  few  stray  colonists,  and  has  received  the  general  character  d 
its  indigenous  productions.  One  is  astonished,"  be  add;,  "at  tbt 
amount  of  creative  force  displayed  on  so  many  smalt,  barren,  and 
rocky  islands,  and  still  more  so,  at  its  diverse,  yet  analogous  aetija 
on  points  bo  near  each  other.  I  have  said  that  the  GalapagM 
archipelago  might  be  called  a  satellite  attached  to  Ammca,  but  it 
should  rather  be  called  a  group  of  satellites  physically  similar,  orgin- 
ically  distinct,  yet  intimately  related  to  each  other,  and  all  reUied 
in  a  marked,  though  much  lesser  degree,  to  the  great  Amc-ican  axf 
tinent."  • 

Xumber  of  botanical  provinces. — De  Candolle  has  enumerated 
tnenty  great  botanical  provinces  inhabited  by  indigenous  or  aborigintl 
plant:)}  and  although  many  of  tiiese  contain  a  variety  of  fpedM 
which  are  common  to  several  others,  and  sometimes  to  places  verj 
remote,  yet  the  lines  of  demarcation  are,  upon  the  whole,  aAooidt- 
ingly  well  defined.f     Xor  is  it  likely  that  the  bearing  of  the  evidesce 

•  VovoK"  of  the  Beaijle,  2il  cilition,  iwcniy-serrn  proviiKe*  arc  niaile.  b»  H- 
1545.  i..'377.  Alph.  be  CawfaUe.  Bon  of  De  i:aaiA. 

t  tiec  a  futltcr  sabdiTliwD,  by  which    Uuuogr.  de*  Cwpanaleea  Fan^  IIM 


Ch.  XXXVII.]  habike  yegetatiqk.  617 

on  which  these  general  views  are  founded  will  ever  be  materially 
affected,  since  they  are  already  confirmed  by  the  examination  of 
nearly  one  hundred  thousand  species  of  plants. 

The  entire  change  of  opinion  which  the  contemplation  of  these 
phenomena  has  brought  about  is  worthy  of  remark.  The  first  travel- 
lers were  persuaded  that  they  should  find,  in  distant  regions,  the 
plants  of  their  own  country,  and  they  took  a  pleasure  in  giving  them 
the  same  names.  It  was  some  time  before  this  illusion  was  dissipated ; 
but  so  fully  sensible  did  botanists  at  last  become  of  the  extreme 
smallness  of  the  number  of  pha^nogamous  plants  common  to  difierent 
continents,  that  the  ancient  Floras  fell  into  disrepute*  All  grew 
diffident  of  the  pretended  identifications ;  and  we  now  find  that  every 
naturalist  is  inclined  to  examine  each  supposed  exception  with  scru- 
pulous severity.*  If  they  admit  the  fact,  they  begin  to  speculate  on 
the  mode  whereby  the  seeds  may  have  been  transported  from  one 
country  into  the  other,  or  inquire  on  which  of  two  continents  the 
plant  was  indigenous,  assuming  that  a  species,  like  an  individual, 
cannot  have  two  birthplaces. 

Marine  vegetation, — The  marine  vegetation  is  divisible  into  dif- 
ferent systems,  like  those  prevailing  on  the  land ;  but  they  are  much 
fewer,  as  we  might  have  expected^  the  temperature  of  the  ocean  being 
more  uniform  than  that' of  the  atmosphere,  and  consequently  the 
dispersion  of  species  from  one  zone  to  another  being  less  frequently 
checked  by  the  intervention  of  uncongenial  climates.  The  proportion 
also  of  land  to  sea  throughout  the  globe  being  small,  the  migration 
of  marine  plants  is  not  so  often  stopped  by  barriers  of  land,  as  is  that 
of  the  terrestrial  species  by  the  ocean.  The  number  of  hydrophytes, 
as  they  are  termed,  is  very  considerable,  and  their  stations  are  found 
to  be  infinitely  more  varied  than  could  have  been  anticipated ;  for 
while  some  plants  are  covered  and  uncovered  daily  by  the  tide,  others 
live  at  the  depth  of  several  hundred  feet.  Among  the  known  provinces 
of  Alga;,  we  may  mention,  1st,  The  north  circumpolar,  from  lat  60°  N. 
to  the  pole  ;  2dly,  The  North  Atlantic  or  the  region  of  Fucus  proper 
and  Delesseriae,  extending  from  lat.  40°  N.  to  hx.  60°  N. ;  3dly,  That 
of  the  Mediterranean,  which  may  be  regarded  as  a  sub-region  of 
the  fourth  or  warmer  temperate  zone  of  the  Atlantic,  between  lat. 
23°  N.  and  kt.  40°  N. ;  5thly,  The  Tropical  Atkntic,  in  which  Sargas- 
sum,  Rhodomelia,  Corallinea,  and  Siphonia  abound ;  6thly,  The  South 
Atkntic,  where  the  Fucus  reappears  ;  7thly,  The  Antartic  American, 
comprehending  from  Chili  to  Cape  Horn,  the  Falkland  Islands,  and 
thence  round  the  world  south  of  latitude  60°  S. ;  8thly,  The  Australian 
and  New  Zealand,  which  is  very  peculiar,  being  characterized,  among 
other  generic  forms,  by  Cystoseiriss  and  Fucese ;  9thly,  The  Indian 
Ocean  and  Red  Sea;  and,  lOthly,  The  Chinese  and  Japanese  seas,  f  In 
addition  to  the  above  provinces,  there  are  several  others  not  yet  well 

*  De   Candolle.   Essai   El^exL    de  Br.  Joseph  Hooker,  who  refers  the  bo- 

Geog.  Botaa.,  p.  45.  tanical  stadent  to  the  labours  of  Br* 

f  I  am  indebted  for  the  abore  sketch  Bivnrer,  of  Itinily  CoUegiO,  Bvbliiu 
of  distinct  regions  of  algas  to  my  frien<[ 
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dct«rmined  in  the  Pacific  Ocean  and  elsewhere.  There  are,  bow«n; 
man^  epecies  which  r&nge  through  several  of  these  g««gTa{ih)td 
regions  of  subaqueous  vegetation,  being  common  to  very  nam 
countries ;  as,  for  exnmple,  to  the  coasts  of  Europe  aod  the  (Tntd 
States,  and  olheis,  to  Capi^  Horn  and  Van  Diemcn'g  Land,  tbe hM 
plants  extending  also  for  the  niogt  part  to  the  New  Zealand  m. 
or  the  species  strictly  antarctic  (excluding  the  New  ZeftUod  iM 
Taatnanian  groups)  Dr.  Hooker  has  identified  not  less  tliui  ■  fitt 
part  of  the  whole  with  Bnitsh  Algie!  Yet  is  there  a  ma«h  snallc 
proportion  of  cosmopolite  species  among  the  Algm  tlun  awoag  lU 
lerreatrin]  cellular  plants,  such  as  lichens,  mosses,  and  llepaticaa. 

ll  mast  always  be  home  in  mind,  that  the  distinctness  nlliiM  k 
hetween  the  provinces,  whether  of  subaqueous  or  torrcstrial  fhtM, 
i-elatcs  strtclly  to  speeiet,  and  not  to  forms.  In  r«ganl  to  tbi^  !»>•• 
rical  preponderance  of  certain  forms,  and  mnn^  peculiarity  if 
internal  structure,  there  in  iisunlly  a  marked  agreement  in  tlw  tr^ 
table  producliona  of  districts  placed  in  corresponding  latitude*,  mI 
under  similar  physical  circumstances,  however  remote  their  pasitv& 
Thu4  there  are  innumerable  points  of  analogy  betw««n  the  TCgetatiA 
of  the  Brazils,  equinoctial  Africa,  and  India ;  and  thero  am  il* 
points  of  difference  wherein  the  plants  of  these  regioms  are  £fiia- 
guisbable  from  all  extra  tropical  groups.  But  there  is  a  very  *»il 
proportion  of  the  entire  number  of  species  common  to  the  ihw 
continents.  The  same,  may  be  said,  if  we  compare  the  pUnu  of  tk 
United  States  witli  that  of  the  middle  of  Europe  :  the  species  m 
distinct,  but  the  forms  are  oflen  so  analogous,  as  to  have  been  styW 
"geographical  representatives."  There  are  very  few  tptein  d 
phaiQogamous  plants,  says  Dr.  J.  Hooker,  common  to  Van  Diena't 
Land,  New  Zealand,  and  Fuegia,  but  a  great  many  gentra,  at 
some  of  them  are  confined  to  these  three  distant  regiuRS  of  iW 
southern  hemisphere,  being  in  many  instances  ejich  severally  itjm- 
sented  by  a  single  species.  The  same  naturalist  also  ob«erTe  tM 
the  southern  temperate  as  well  as  the  antarctic  regions,  pMM 
each  of  them  representatives  of  some  of  the  genera  of  th«  analofi* 
climates  of  the  opposite  hemisphere  ;  but  very  few  of  tbe  species  M 
identical  unless  they  be  sacb  as  are  equally  diS'used  over  Ub* 
countries,  or  which  inhabit  the  Andes,  by  the  aid  of  which  tfaej  km 
evidently  effected  their  passage  southwards. 

Manner  in  ichich  plan/a  become  diffused. —  tf'indt.^Tjet  U  M* 
consider  what  means  of  diffusion,  independently  of  the  agcoer  rf 
man,  are  possessed  by  plants,  whereby,  in  the  course  of  ages,  tb^ 
may  be  enabled  to  stray  from  one  of  the  botanical  provinces  •!>«» 
mentioned  to  another,  and  to  establish  new  colonies  at  a  grrat  diSiM* 
from  their  birthplace. 

The  principal  of  the  inanimate  agente  provided  by  naran  i* 
scattering  the  seeds  of  plants  over  the  globe,  arc  the  movcmenlf  • 
the  atmosphere  and  of  the  ocean,  and  the  constant  flow  of  water  b* 
tbe  mountaina  to  the  sea.  To  begin  with  tlie  windi:  m  great  aasK 
of  seeds  aru  I\nii\s\«;4  V\<ii  Aty«tt"j  and  feathery  appendaget^  eniki^ 
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them,  when  ripe,  to  float  in  the  air,  and  to  be  wafted  easily  to  great 
distances  hy  the  most  gentle  breeze.  Other  plants  are  fitted  for  dis- 
persion by  means  of  an  attached  wing,  as  in  the  case  of  the  fir  tree,  so 
that  they  are  caught  up  by  the  wind  as  they  fall  from  the  cone,  and 
are  carried  to  a  distance.  Amongst  the  comparatively  small  number 
of  plants  known  to  Linnaeus,  no  less  than  138  genera  are  enumerated 
as  having  winged  seeds. 

As  winds  often  prevail  for  days,  weeks,  or  even  months  together, 
in  the  same  direction,  these  means  of  transportation  may  sometimes 
be  without  limits;  and  even  the  heavier  grains  may  be  borne  through 
considerable  spaces,  in  a  very  short  time,  during  ordinary  tempests  ; 
for  strong  gales,  which  can  sweep  along  grains  of  sand,  often  move 
at  the  rate  of  about  forty  miles  an  hour,  and  if  the  storm  be  very 
violent,  at  the  rate  of  fifty- six  miles.*  The  hurricanes  of  tropical 
regions,  which  root  up  trees  and  throw  down  buildings,  sweep  along 
at  the  rate  of  ninety  miles  an  hou^;  so  that,  for  however  short  a  time 
they  prevail,  they  may  carry  even  the  heavier  fruits  and  seeds  over 
friths  and  seas  of  considerable  width,  and  doubtless  are  often  the 
means  of  introducing  into  islands  the  vegetation  of  adjoining  con- 
tinents. Whirlwinds  are  also  instrumental  in  bearing  along  heavy 
vegetable  substances  to  considerable  distances.  Slight  ones  may 
frequently  be  observed  in  our  fields,  in  summer,  carrying  up  haycocks 
into  the  air,  and  then  letting  fall  small  tufts  of  hay  far  and  wide  over 
the  country ;  but  they  are  sometimes  so  powerful  as  to  dry  up  lakes 
and  ponds,  and  to  break  off  the  boughs  of  trees,  and  carry  them  up  in 
a  whirling  column  of  air. 

Franklin  tells  us,  in  one  of  his  letters,  that  he  saw,  in  Maryland,  a 
whirlwind  which  began  by  taking  up  the  dust  which  lay  in  the  road, 
in  the  form  of  a  sugar-loaf  with  the  pointed  end  downwards,  and  soon 
after  grew  to  the  height  of  forty  or  fifty  feet,  being  twenty  or 
thirty  in  diameter.  It  advanced  in  a  direction  contrary  to  the  wind ; 
and  although  the  rotatory  motion  of  the  column  was  surprisingly 
rapid,  its  onward  progress  was  sufficiently  slow  to  allow  a  man  to 
keep  pace  with  it  on  foot  Franklin  followed  it  on  horseback, 
accompanied  by  his  son,  for  three  quarters  of  a  mile,  and  saw  it  enter 
a  wood,  where  it  twisted  and  turned  round  large  trees  with  surprising 
force.  These  were  carried  up  in  a  spiral  line,  and  were  seen  flying 
in  the  air,  together  with  boughs  and  innumerable  leaves,  which,  from 
their  height,  appeared  reduced  to  the  apparent  size  of  flie^.  As 
this  cause  operates  at  different  intervals  of  time  throughout  a  great 
portion  of  the  earth's  surface,  it  may  be  the  means  of  bearing  not  only 
plants  but  insects,  land  testacea  and  their  eggs,  with  many  other  spe- 
cies of  animals,  to  points  which  they  could  never  otherwise  have 
reached,  and  from  which  they  may  then  begin  to  propagate  themselves 
again  as  from  a  new  centre. 

Disiribuiian  of  crypto^  j     ^ti.  —  It  has  been  found  that  a 

great  numerical  proportJ  tiie  to  the  limitation  of 

species  to  oertiin  i  Tarioiis  tribes  of 


I 
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crjptogflmic  plants.  Linniciis  observed  tbat,  as  the  germa  of  ptuui 
of  tiiis  clasf,  sucli  as  mosses,  fungi,  anil  licheo^,  coDBist  of  an  i^i^ 
ptble  powder,  the  partiules  of  which  arc  scaicel;  Tiaible  to  the  uM 
eye,  there  ia  no  difficult;  to  account  for  their  being  iIuiiuhI 
throughout  the  atmosphere,  and  carried  lo  eTery  point  of  tha  gkk« 
where  there  is  a  station  fitted  for  them.  Lichens  in  pftrticular  nnad 
to  great  elevations,  sometimes  growing  tiro  thousand  feet  abore  iha 
line  of  perpetual  snow,  at  the  utmost  limits  of  vegetation.  umI  irboi 
the  mean  temperature  is  Dearly  at  the  freezing  point.  ThU  ekraltl 
position  must  contribute  greatly  to  facilitate  tlie  diep«rsioa  uf  Htm 
buoyant  particles  of  which  their  fructi fixation  consists.' 

Some  have  inferred,  from  the  springing  up  of  muiihrooros  wbcantf 
particular  soils  and  decomposed  organic  matter  ore  mixed  togetber,1lM 
the  production  of  fungi  is  accidental,  and  not  analogous  to  that  of  pa> 
feet  phmts.  But  Fries,  whose  authority  on  these  questions  la  cnikU 
lo  tlie  liighest  respect,  has  shown  lh«  fallacy  of  iliis  argument  in  fanv 
of  the  old  doctrine  of  equivocal  generation.  "The  sporules  of  flugv' 
says  this  nalurolisl,  "ura  so  infinite,  that  in  a  single  indiriiiDal  it 
Reticularia  mcuima,  1  Imve  counted  above  ten  millions^  and  aoaoKdi 
as  to  be  scarcely  visible,  ollen  resembling  thin  smoke :  so  l^bl  tl4 
they  moy  be  nused  perhaps  by  evaporation  into  the  atmosphen,  nl 
dispersed  in  so  many  ways  by  the  atlinclinn  of  the  sun,  by  ies^'A 
wind,  elasticity,  adhesion,  &c.,  that  it  is  difficult  to  cooceire  a  plia 
from  which  they  may  be  excluded."! 

The  club-mosa  colled  Li/copodium  cemvum  affords  a  BtriUng  ex- 
ample of  a  cryptogamous  plant  universally  distributed  over  all  equi- 
noctial countries.  Itscarccly  ever  passes  beyond  the  northern  tiopie, 
except  in  one  instance,  where  it  appears  around  the  bot-springs  ii 
the  Azores,  although  it  is  neither  an  inhabitant  of  the  Canaries  a 
of  Madeira.  Doubtless  its  microscopic  sporuies  are  every  where  pir- 
eent,  ready  to  germinate  on  any  spot  where  they  can  enjoy  throa|hotf 
the  year  the  proper  quantity  of  warmth,  moisture,  light,  and  otbff 
conditions  essential  to  the  species. 

Almost  every  lichen  brought  home  from  the  southern  hemiipbot 
by  the  antarctic  expedition  under  Sir  James  Ross,  aniouuting  to  m 
less  than  200  species,  was  ascertained  to  be  also  an  inhabitant  <J  ik 
nortbern  hemisphere,  and  almost  all  of  them  European. 

Agency  of  rivers  and  currents. — In  considering,  in  the  next  plan, 
the  instrumentality  of  the  aqueous  agents  of  dispersion,  I  caoDOi  i* 
better  than  cite  the  words  of  one  of  our  ablest  botanical  writcf^ 
"The  mounloin  stream  or  torrent,"  observes  Keith,  "washes  do»i 
to  the  valley  the  seeds  which  may  accidentally  fall  into  it,  or  wbiri 
it  may  happen  to  sweep  from  its  banks  when  it  suddenly  overflo** 
them.  The  broad  and  majestic  river,  winding  along  the  exten^n 
plain,  and  traversing  the  continents  of  the  world,  conveys  to  tk 
distance  of  many  hundreds  of  miles  the  seeds  that  may  hate 
vegetated  at  its  source.     Thus  the  southern  shores  of  the  Baltic  an 
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visited  by  seeds  which  grew  in  the  interior  of  Grermany,  and  the 
western  shores  of  the  Atlantic  bj  seeds  that  have  been  generated  in 
the  interior  of  America."*  Fruits,  moreover,  indigenous  to  America 
and  the  West  Indies,  such  as  that  of  the  Mimosa  scandens,  the  cashew- 
nut,  and  others,  have  been  known  to  be  drifted  across  the  Atlantic 
by  the  Gulf  stream,  on  the  western  coasts  of  Europe,  in  such  a  state 
that  they  might  have  vegetated  had  the  climate  and  soil  been  favour- 
able. Among  these  the  Guilatidina  Bonduc,  a  leguminous  plant,  is 
particularly  mentioned,  as  having  been  raised  from  a  seed  found  on 
the  west  coast  of  Ireland,  f 

Sir  Hans  Sloane  states,  that  several  kinds  of  beans  cast  ashore  on 
the  Orkney  Isles,  and  Ireland,  but  none  of  which  appear  to  have 
naturalized  themselves,  are  derived  from  trees  which  grow  in  the 
West  Indies,  and  many  of  them  in  Jamaica.  He  conjectures  that 
they  might  have  been  conveyed  by  rivers  into  the  sea,  and  then  by 
the  Gulf  stream  to  greater  distances,  in  the  same  manner  as  the  sea- 
weed called  Lenticula  marina^  or  Sargasso,  which  grows  on  the  rocks 
about  Jamaica,  is  known  to  be  "  carried  by  the  winds  and  current 
towards  the  coast  of  Florida,  and  thence  into  the  North  American 
ocean,  where  it  lies  very  thick  on  the  surface  of  the  sea.  "J 

The  absence  of  liquid  matter  in  the  composition  of  seeds  renders 
them  comparatively  insensible  to  heat  and  cold,  so  that  they  may  be 
carried  without  detriment  through  climates  where  the  plants  them- 
selves would  instantly  perish.  Such  is  their  power  of  resisting  the 
effects  of  heat^  that  Spallanzani  mentions  some  seeds  that  germinated 
after  having  been  boiled  in  water.  §  Sir  John  Herschel  informs  me 
that  he  has  sown  at  the  Cape  of  Good  Hope  the  seeds  of  the  Acacia 
lopkanta  after  they  had  remained  for  twelve  hours  in  water  of  140^ 
Fahrenheit,  and  they  germinated  far  more  rapidly  than  unboiled 
seeds.  He  also  states  that  an  eminent  botanist,  Baron  Ludwig,  could 
not  get  the  seeds  of  a  species  of  cedar  to  grow  at  the  Cape  till  they 
were  thoroughly  boiled. 

When  therefore,  a  strong  gale,  after  blowing  violently  off  the  land 
for  a  time,  dies  away,  and  the  seeds  alight  upon  the  surface  of  the 
waters,  or  wherever  the  ocean,  by  eating  away  the  sea-cliffs,  throws 
down  into  its  waves  plants  which  would  never  otherwise  reach  the 
shores,  the  tides  and  currents  become  active  instruments  in  assisting 
the  dissemination  of  almost  all  classes  of  the  vegetable  kingdom. 
The  pandanus  and  many  other  plants  have  been  distributed  in  this 
way  over  the  islands  of  the  Pacific  I  have  before  called  attention 
(p.  618.)  to  the  interesting  fact  that  one-fifth  of  all  the  algae  found  in 
the  antarctic  regions  in  1841-3,  by  Dr.  J.  Hooker,  were  of  species 
common  to  the  British  seas.  He  has  suggested  that  cold  currents 
which  prevail  from  Cape  Horn  to  the  equator,  and  are  there  met  by 
other  cold  waters,  may  by  their  direct  influence,  as  well  as  by  their 

•  Systein   of  Fhjsiologicia  Botany,  |  FhiL  Trans.  1696. 

vol.  ii.  p.  405.  §  System  of  Fhysiological'  Botany, 

t  Brown,  Append,  to  Tackey,  No.  v.  toI.  ii.  p.  403. 
p.  481. 
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temperature,  fitciUtnto  ihu  pnstiugo  of  nnlfirctic  sp(rci<ra  to  tiic  Antii 
UccM).  In  like  inaoDer  ihc  migration  of  cerlAJn  marina  uiimil*  fnm 
the  soiitliorn  lo  thu  imrtiieru  liemisphcio  tua;  tiavt)  b«cu  btM|U 
about  by  the  same  cMuse. 

Id  a  colluction  of  hix  hundred  plants  from  the  tmigliboiirbavl  d 
tbe  river  Zuire,  in  Africa,  Mr.  fironn  found  that  thirteen  ■ 
were  also  met  with  on  the  opposite  chores  of  Uuiana  and  UnuU.  Bi 
remarked  that  most  of  theat!  plants  were  found  ua\y  on  tbr  lo>a 
pnrta  of  the  river  Zaire,  and  were  chiefly  such  as  prfMluc«d  mil 
rnpable  of  retuining  their  vitatiiy  a  long  time  in  ttiQ  carrcnU  of  d* 
ocean.  Dr.  J.  Uootter  ioforma  mc  that  after  an  vxaraiiuttMn  of  a 
great  many  insular  floras,  he  ha«  found  that  no  odu  tif  the  Ivy 
natural  orders  ia  au  rich  in  apccioa  common  to  other  couutriea,  at  6a 
Leguminosm.  Tbe  aceda  iu  thia  order,  which  coniprt»d  tb«  laifrt 
proportion  of  widely  diffused  littoral  species,  sro  belter  adapted  iha 
those  of  any  other  plaota  for  water-carriage. 

7^  nagratioH  of  plants  aided  by  itlandi. — Islands,  tnorvoTari  trf 
even  the  smallest  rocks,  play  nn  important  part  ta aiding  aucb  i^gf» 
tiong  i  for  wiien  seeda  alight  upon  thtmi  from  the  atmospben,  or  at 
thrown  up  by  the  surf,  they  often  vegetate,  and  supply  the  miuk 
and  waves  with  a  repetition  of  new  and  uninjnreil  crt>[M  nf  finA' 
and  see  J  s.  These  may  ufierwards  pursue  their  oniirpi?  thri'jr::  ■:' 
Rtmoaphere,  or  along  the  surface  of  the  sea,  in  the  same  direcboL 
The  number  of  plants  found  at  any  given  time  on  an  islet  afford*  ■ 
no  teat  whatever  of  the  extent  to  which  it  may  have  co-opented 
towards  this  end,  since  a  variety  of  species  may  first  thrive  there  tol 
then  perish,  and  be  followed  by  other  chance-comers  like  tbemselTA 
If  neither  St.  Helena  nor  Ascension  have  promoted  the  botaucal 
intercourse  between  the  Old  and  New  Worlds,  we  may  easily  acoooil 
for  the  fact  by  remembering  that  they  are  not  only  extremely  minue 
and  isolated  spots,  but  are  also  bounded  by  lofty  and  precipitcw 
shores  without  beaches,  where  the  seeds  of  foreign  species  awU 
readily  establish  themselves. 

Currents  and  winds  in  the  arctic  regions  drift  along  icebop 
covered  with  an  alluvial  soil,  on  which  herbs  and  pine-saplingt  a* 
seen  growing,  which  may  often  continue  to  vegetate  on  some  riiitf* 
shore  where  the  ice-island  is  stranded. 

Ditpertion  of  marine  plants. — With  respect  to  marine  vegetaiiak 
the  seeds,  being  in  their  native  element,  may  remain  immeraed  ii 
water  without  injury  for  indefinite  periods,  so  that  there  is  m 
(lifliculty  in  conceiving  the  diffusion  of  species  wherever  unoongaiai 
climates,  contrary  currents,  and  other  causes  do  not  interfere.  ^ 
are  familiar  with  the  sight  of  the  floating  sea-weed. 


Remarkable  accumulations  of  that  species  of  sea-weed  geotnil} 
known  as  gulf-wef^,  or  sargasso,  occur  on  each  side  of  tba  cqsat* 
in  the  Atlantic,  Tacl^c,  and  Indian  Oceans.     Columbus  and  otkr 
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navigators,  who  first  encoufitered  these  banks  of  algae  in  the  Northern 
Atlantic^  compared  them  to  vast  inundated  meadows^  and  state  that 
they  retarded  the  progress  of  their  vessels.  The  most  extensive 
bank  is  a  little  west  of  the  meridian  of  Fajal,  one  of  the  Azores, 
between  latitudes  35°  and  36° :  violent  north-winds  sometimes  prevail 
in  this  space,  and  drive  the  sea-weed  to  low  latitudes,  as  far  as  the 
24th  or  even  the  20th  degree.*  Along  the  northern  edge  of  the 
Gulf  stream  Dr.  Hooker  found  Fuctu  nodotus^  and  F.  serrcUus,  which 
he  traced  all  the  way  from  lat.  36°  N.  to  England. 

The  hollow  pod-like  receptacles  in  which  the  seeds  of  many  algae 
are  lodged,  and  the  filaments  attached  to  the  seed-vessels  of  others, 
seem  intended  to  give  buoyancy;  and  I  may  observe  that  these 
hydrophytes  are  in  general  proliferous^  so  that  the  smallest  fragment 
of  a  branch  can  be  developed  into  a  perfect  plant.  The  seeds, 
moreover,  of  the  greater  number  of  species  are  enveloped  with  a 
mucous  matter  like  that  which  surrounds  the  eggs  of  some  fish,  and 
which  not  only  protects  them  from  injury,  but  serves  to  attach  them 
to  floating  bodies  or  to  rocks. 

Agency  of  animals  in  the  distribution  of  plants. — But  we  have  as 
yet  considered  part  only  of  the  fertile  resources  of  nature  for  con- 
veying seeds  to  a  distance  from  their  place  of  growth.  The  various 
tribes  of  animals  are  busily  engaged  in  furthering  an  object  whence 
they  derive  such  important  advantages.  Sometimes  an  express 
provision  is  found  in  the  structure  of  seeds  to  eiiable  them  to  adhere 
firmly  by  prickles,  hooks,  and  hairs,  to  the  coats  of  animals,  or 
feathers  of  the  winged  tribe,  to  which  they  remain  attached  for 
weeks,  or  even  months,  and  are  borne  along  into  every  region  whither 
birds  or  quadrupeds  may  migrate.  Linnaeus  enumerates  fifty  genera 
of  plants,  and  the  number  now  known  to  botanists  is  much  greater, 
which  are  armed  with  hooks,  by  which,  when  ripe,  they  adhere  to 
the  coats  of  animals.  Most  of  these  vegetables,  he  remarks,  require 
a  soil  enriched  with  dung.  Few  have  failed  to  mark  the  locks  of 
wool  hanging  on  the  thorn-bushes,  wherever  the  sheep  pass,  and  it 
is  probable  that  the  wolf  or  lion  never  give  chase  to  herbivorous 
animals  without  being  unconsciously  subservient  to  this  part  of  the 
vegetable  economy. 

A  deer  has  strayed  from  the  herd  when  browsing  on  some  rich 
pasture,  when  he  is  suddenly  alarmed  by  the  approach  of  his  foe. 
He  instantly  takes  to  flight,  dashing  through  many  a  thicket,  and 
swimming  across  many  a  river  and  lake.  The  seeds  of  the  herbs 
and  shrubs  which  have  adhered  to  his  smoking  flanks  are  washed 
off  again  by  the  waters.  The  thorny  spray  is  torn  ofi*,  and  fixes 
itself  in  its  hairy  coat,  until  brushed  ofi*  again  in  other  thickets  and 
copses.  Even  on  the  spot  where  the  victim  is  devoured  many  of  the 
seeds  which  he  had  swallowed  immediately  before  the  chase  may  be 
left  on  the  ground  uninjured,  and  ready  to  spring  up  in  a  new  soil. 

The  passage,  indeed,  of  undigested  seeds  through  the  stomachs  of 
animals  is  one  of  the  most  efficient  causes  of  the  dissemination  of 

*  Greville,  Introduction  to  AlgK  Britannicie,  p.  12. 
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plants,  and  ia  of  all  otln^rs,  p«rliaps,  the  mo»t  likely  to  be  on 
F«w  are  i^orant  that  k  portion  of  the  oats  eaten  by  »  hone  pnaonl 
their  fiermin&tiiis  faculty  in  the  dang.  The  fact  of  thmr  betag  itl  1 
nutritious  is  not  lost  on  tlie  sagacious  rook.  To  mnny,  says  liniuraw  I 
it  seems  exlrnordioary,  ond  aomething  of  a  prodigy,  thai  i 
field  ii  well  tilled  and  sown  with  the  best  wheal,  it  freqatsUlj  I 
produces  darnel  or  the  wild  oat,  especially  if  it  be  manarcd  with  ntV 
dung :  they  do  not  consider  that  the  fertility  of  the  BmRller  leedi  k 
not  destroyed  in  the  stomachs  of  aotmals.* 

Agency  of  Itirdt.  —  Some  birds  of  the  order  Posseres  deToar  M 
needs  of  plants  in  great  quantities,  which  they  ejt^t  again  in  rof 
distant  places,  without  destroying  iti  faculty  of  Tegvlatiuo:  thus 
flight  of  larks  will  fill  the  cEcnnest  field  with  a  gn-at  qnantitr  if 
various  kinds  of  plants,  ns  the  melilot  trefoil  {Mrttieatfo  ImpidmBX' 
and  others  whose  seeds  ore  so  heavy  that  the  wind  is  nut  aUe  ■ 
Bcntler  them  to  any  distance.-^  In  like  manner,  tltc  blackbird  at 
misscllbruBh,  wh<ia  they  devour  berries  in  too  grrvt  qnantiti^M* 
known  to  consign  them  to  the  earth  undig^ed  in  tlieir  excroMaLj 

Pulpy  fruila  serve  quadrupodg  and  birds  as  food,  wtiile  tb«ir  an^ 
often  hard  and  indigestible,  pnss  uninjun^d  through  the  Intcdtia^ 
and  nrc  deposited  fur   from  their   origiont   plscc    of  growth  !■  t 

■ome  parts  of  England,  aware  of  this  fact,  that  when  they  desire  to 
nuse  a  quickset  hedge  in  the  shortest  possible  time,  they  feed  tarieri 
with  the  haws  of  the  common  white-thorn  (Cralttgus  Oxt/acautiiaX 
and  then  bow  the  stones  which  are  ejected  in  their  cxcrenKHt. 
whereby  they  gain  an  entire  year  in  the  growth  of  the  pIinL) 
Birds  when  they  pluck  cherries,  sloes,  and  haws,  fiy  sway  with  tha 
to  some  convenient  place ;  and  when  they  have  devoured  the  fruit 
drop  the  stone  into  the  ground.  Captain  Cook,  in  his  account  of  tk 
volcanic  island  of  Tanno,  one  of  the  New  Hebrides,  which  be 
visited  in  his  second  voyage,  makes  the  following  interesting  ohjo* 
vation :  —  "  Mr.  Forste^  in  his  botanical  excursion  this  day,  shot  a 
pigeon,  in  the  craw  of  which  was  a  wild  nutmeg."^  It  is  cosy,  tbs«- 
fore,  to  perceive,  that  birds  in  their  migrations  to  great  distancO- 
and  even  across  seas,  mny  transport  seeds  to  new  isles  asd  continenti. 
The  sudden  deaths  to  which  great  numbers  of  frugivorous  Mtis 
are  annually  exposed  must  not  l>e  omitted  as  auxiliary  to  the 
transportation  of  seeds  to  new  habitations.  When  the  sea  reti«> 
from  the  shore,  and  leaves  fruits  and  seeds  on  the  beach,  or  is  the 
mud  of  estuaries,  it  might,  by  the  returning  tide,  wash  them  any 
again,  or  destroy  them  by  long  iramersioa;  but  when  they  «• 
gathered  by  land  birds  which  frequent  the  sea  side,  or  by  waden 

•  Lino-Tus.    AnKED.    Acid.,   xol.    iL         §  Smith's  Introj.  lo  Phj*.  aad  Si* 

p.  (09.  BotUDy.  p.  304.   180T. 

t  Ama:ii.  Ac>d.,  vol  ir.    EiMy  75.         |  'I'lm  iiiriminii  m  h  i nii  td 

§  8.  10  i:ic  Ipj,-  PrufmxM-  Ucoiknr,  rf  C» 
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and  water-fowl,  they  are  often  borne  inland;  and  if  the  bird  to 
whose  crop  thej  have  been  consigned  is  killed,  thej  may  be  left  to 
grow  up  far  from  the  sea.  Let  such  an  accident  happen  but  once  in 
a  century,  or  a  thousand  years,  it  will  be  sufficient  to  spread  many 
of  the  plants  from  one  continent  to  another ;  for  in  estimating  the 
activity  of  these  causes,  we  must  not  consider  whether  they  act  slowly 
in  relation  to  the  period  of  our  observation,  but  in  reference  to  the 
duration  of  species  in  general. 

Let  us  trace  the  operation  of  this  cause  in  connection  with  others. 
A  tempestuous  wind  bears  the  seeds  of  a  plant  many  miles  through 
the  air,  and  then  delivers  them  to  the  ocean ;  the  oceanic  current 
drifts  them  to  a  distant  continent ;  by  the  fall  of  the  tide  they  become 
the  food  of  numerous  birds,  and  one  of  these  is  seized  by  a  hawk  or 
eagle,  which,  soaring  across  hill  and  dale  to  a  place  of  retreat,  leaves, 
after  devouring  its  prey,  the '  unpalatable  seeds  to  spring  up  and 
flourish  in  a  new  soil. 

The  machinery  before,  adverted  to,  is  so  capable  of  disseminating 
seeds  over  almost  unbounded  spaces,  that  were  we  more  intimately 
acquainted  with  the  economy  of  nature,  we  might  probably  explain 
all  the  instances  which  occur  of  the  aberration  of  plants  to  great 
distances  from  their  native  countries.  The  real  difficulty  which 
must  present  itself  to  every  one  who  contemplates  the  present 
geographical  distribution  of  species,  is  the  small  number  of  exceptions 
to  the  rule  of  the  non-intermixture  of  different  groups  of  plants. 
Why  have  they  not,  supposing  them  to  have  been  ever  so  distinct 
originally,  become  more  blended  and  confounded  together  in  the 
lapse  of  ages  ? 

Agency  of  man  in  the  dispersion  of  plants,  —  But  in  addition  to 
all  the  agents  already  enumerated  as  instrumental  in  diffusing  plants 
over  the  globe,  we  have  still  to  consider  man — one  of  the  most 
important  of  all.  He  transports  with  him,  into  every  region,  the 
vegetables  which  he  cultivates  for  l^is  wants,  and  is  the  involuntary 
means  of  spreading  a  still  greater  number  which  are  useless  to  him, 
or  even  noxious.  **  When  the  introduction  of  cultivated  plants," 
says  De  Candolle,  ^*  is  of  recent  date,  there  is  no  difficulty  in  tracing 
their  origin  ;  but  when  it  is  of  high  antiquity,  we  are  often  ignorant 
of  the  true  country  of  the  plants  on  which  we  feed.  No  one  contests 
the  American  origin  of  the  maize  or  the  potato ;  nor  the  origin,  in 
the  Old  World,  of  the  coffee-tree,  and  of  wheat  But  there  are 
certain  objects  of  culture,  of  very  ancient  date,  between  the  tropics, 
such  for  example  as  the  banana,  of  which  the  origin  cannot  be 
verified.  Armies,  in  modern  times,  have  been  known  to  carry,  in  all 
directions,  grain  and  cultivated  vegetables  from  one  extremity  of 
Europe  to  the  other  ;  and  thus  have  shown  us  how,  in  more  ancient 
times,  the  conquests  of  Alexander,  the  distant  expeditions  of  the 
Homans,  and  afterwards  the  crusades,  may  have  transported  many 
plants  from  one  part  of  the  world  to  the  other."* 

*  De  Candolle,  Essai  El^men.  &c,  p.  50. 
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But,  l)«aid«S  the  plants  iis«J  in  B^cnltnre,  th«  number  whirii  hm  1 
been  natundiied  by  ■oddrat,  w  wbich  man  bfcs  sprend  uninte 
»  consitlmblfl.  One  ikT  our  oU  aalbon,  JosAelrn,  giv<is  s  e 
of  lacli  pluiu  as  ba'1,  in  bis  time,  «pnins  up  in  tbv  coIod;  ilnoe  (hi 
EDgli»h  pUnted  and  kept  cnttle  in  Sew  England,  "nwj  wen  !■•- 
ond-lwentj  in  nomber.  Tbe  common  nettle  was  tbe  first  wUck  ii 
■ettJen  noticed;  and  tbe  plantain  was  called  hj  the  Indiana  "Engbk 
mnn'a  foot,"  as  if  it  sprung  from  tbdr  footsteps.* 

"We  hare  iniroduced  every  where,"  observes  D«  Cand* 
weeds  which  grow  among  our  various  kinds  of  wheat,  aad  « 
bc«n  received,  perbapa,  originalljr  fram  Asia  along  witli  tba 
together  with  tbe  Barbary  wheal,  the  inhabitants  of  tbe  | 
Europe  have  sown,  for  many  ageJi,  the  plants  of  .\1giti 
With  tlie  wm>ls  and  cotttins  of  the  E.ist,  or  of  Barbary,  tbcm  i 
brooght  into  France  the  grains  a!  exotic   plants,  i 
naturalize  themselves.    Of  this  I  will  cite  a  striking  ez 
is,  at  the  gate  of  MontpcUier,  a  mendon  set  apart  for  d        __ 
wool,  a/lcr  it  ha*  been  vasbed.     There  hardly  passes  a  yeir  M 
foreign  plants  being  found  nsluraliced  in  this  drying -ground.  ] 
gathered  there  Centavrea  parvi/Iora,  PiaraUa  palastina,  and  Hj^^l 
ricuni  erispttm."     This  fact  is  not  only  illustrative  uf  the  aid  wUtkl 
m.in   Icmls   iniiilvertently  to  lln?   pnipaL'.ilion    of  I'lini:;,    but   il   i^ 
demonstrates  the  multiplicity  of  seeds  which  are  borne  about  in  llx 
woolly  and  haiiy  coats  of  wild  animals. 

The  same  botanist  mentions  instances  of  plants  naturalized  in  sea- 
ports by  the  ballast  of  ships ;  and  several  cxnmplcs  of  others  wtud 
have  spread  through  Europe  from  botanical  gai'dens,  so  as  to  ban 
become  more  common  thun  many  indigenous  species. 

It  is  scarcely  a  century,  says  Linna;u3,  since  tlie  Canadian  erigerax 
or  flea-bane,  was  brought  from  America  to  the  botanical  garden  ti 
Paris;  and  already  the  seeds  have  been  carried  by  the  winds  so  th< 
it  is  ditfused  over  France,  the  British  islands,  Ttaly,  Sicily,  HoUasi 
and  Germany,!  Several  others  are  mentioned  by  the  Swedijk 
naturalist,  as  having  been  dispersed  by  similar  means.  The  comnKS 
thorn-apple  {Datura  Stramonium),  observes  Willdcnow,  now  pTO« 
as  a  noxious  weed  throughout  all  Europe,  wirh  the  exeeptiiHi  d 
Sivcden,  Lapland,  and  Russia.  It  came  from  the  Kast  Indies  aaJ 
Abyssinia  to  us,  and  was  thus  universally  spread  by  certain  quack^ 
who  used  its  seeds  as  an  eraeticj  The  same  plant  is  now  abundul 
throughout  the  greater  part  of  the  United  Stales,  along  road-sides  ul 
about  farm-yards.  The  yellow  monkey-Bower,  Mimulut  Uitnu,  a  pliai 
from  the  north-west  region  of  America,  has  now  established  itself  i» 
viirious  parts  of  England,  and  is  spreading  rapidly. 

In  but  and  ill-cultivated  countries,  such  naturalizations  lake  plM 
more  easily.  Thus  the  Chenopodium  amlrrosioides,  sown  by  Br. 
Dnrcbell  on  a  point  of  St.  Helena,  multiplied  so  fast  in  four  yean  M 

*  QuRilerly  Hcview.  vol.  ixx.  p,  8. 

t  y.tMj  on  the  Hsiiitikblo  Knnh,  Amccn  Acad.,  toL  u.  p.  409. 
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to  become  one  of  the  commonest  weeds  in  the  island,  and  it  has 
maintained  its  ground  ever  since  1845.* 

The  most  remarkable  proof,  says  De  Candolle,  of  the  extent  to 
which  man  is  unconsciously  the  instrument  of  dispersing  and  natural- 
izing species,  is  found  in  the  fact,  that  in  New  Holland,  America,  and 
the  Cape  of  Good  Hope,  the  aboriginal  European  species  exceed  in 
number  all  the  others  which  have  come  from  any  distant  regions ;  so 
that,  in  this  instance,  the  influence  of  man  has  surpassed  that  of  all 
the  other  causes  which  tend  to  disseminate  plants  to  remote  districts. 
Of  nearly  1600  British  flowering  plants,  it  is  supposed  that  about  300 
species  are  naturalized  ;  but  a  large  proportion  of  these  would  perish 
with  the  discontinuance  of  agriculture. 

Although  we  are  but  slightly  acquainted,  as  yet,  with  the  extent  of 
our  instrumentality  in  naturalizing  species,  yet  the  facts  ascertained 
afford  no  small  reason  to  suspect  that  the  number  which  we  introduce 
unintentionally  exceeds  all  those  transported  by  design.  Nor  is  it 
unnatural  to  suppose  that  the  functions,  which  the  inferior  beings, 
extirpated  by  man,  once  discharged  in  the  economy  of  nature,  should 
devolve  upon  the  human  race.  If  we  drive  many  birds  of  passage 
from  different  countries,  we  are  probably  required  to  fulfil  their  office 
of  carrying  seeds,  eggs  of  fish,  insects,  mollusks,  and  other  creatures, 
to  distant  regions :  if  we  extirpate  quadrupeds,  we  must  replace  them 
not  merely  as  consumers  of  the  animal  and  vegetable  substances  which 
they  devoured,  but  as  disseminators  of  plants,  and  of  the  inferior 
classes  of  the  animal  kingdom.  I  do  not  mean  to  insinuate  that  the 
very  same  changes  which  man  brings  about,  would  have  taken  place 
by  means  of  the  Agency  of  other  species,  but  merely  that  he  supersedes 
a  certain  number  of  agents ;  and  so  far  as  he  disperses  plants  unin- 
tentionally, or  against  his  will,  his  intervention  is  strictly  analogous 
to  that  of  the  species  so  extirpated. 

I  may  observe,  moreover,  that  if,  at  former  periods,  the  animals 
inhabiting  any  given  district  have  been  partially  altered  by  the 
extinction  of  some  species,  and  the  introduction  of  others,  whether 
by  new  creations  or  by  immigration,  a  change  must  have  taken  place 
in  regard  to  the  particular  plants  conveyed  about  with  them  to 
foreign  countries.  As,  for  example,  when  one  set  of  migratory  birds 
is  substituted  for  another,  the  countries  from  and  to  which  seeds  are 
transported  are  immediately  changed.  Vicissitudes,  therefore,  ana- 
logous to  those  which  man  has  occasioned,  may  have  previously 
attended  the  springing  up  of  new  relations  between  species  in  the 
vegetable  and  animal  worlds. 

It  may  also  be  remarked,  that  if  man  is  the  most  active  agent  in 
enlarging,  so  also  is  he  in  circumscribing  the  geographical  boundaries 
of  particular  plants.  He  promotes  the  migration  of  some,  he  retards 
that  of  other  species ;  so  that,  while  in  many  respects  he  appears  to 
be  exerting  his  power  to  blend  and  confound  the  various  provinces 
of  indigenous  species,  he  is,  in  other  ways,  instrumental  in  ob- 

*  Principles  of  Botany,  p.  389. 
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Thai,  for  example,  when  two  botaiu<«l  regions  exist  In  ikt  iM 
great  conUnent,  sucii  as  tAe  European  rtgiom,  comprebendi 
central  parts  of  Europe,  and  tho5«  surroaading  tba  Meditoi 
auil  the  Oriental  rtgum,  as  it  ha3  been  teraed,  cmbms 
countries  adjoiiuag  the  Black  Sea  and  tbe  CaGfMttD,  tlMt  iiitcr| 
between  the»e  of  tfaou^anda  of  square  inileB  of  ealttvktfld 
opposes  a  new  and  powerful  barrier  agamst  the  mtilnki 
of  indigenous  plants  Botanists  are  well  aw&r«  that  g*rd( 
naluralize  aad  diffuse  themseWcs  with  great  fanlilj  in  compOTtc 
unreclaimed  countries,  but  spread  ihemselves  alnwlj  and  witk 
Acuity  in  dictricte  faigblj  cultivated.  Tlier«  aie  maoj  obrton  a 
for  ibis  differeuce;  by  drainage  and  culture  tbe  nalnrvl  Tt^aji 
stations  is  diminisbed,  and  those  stray  individuals  by  wlneli 
passnge  of  a  species  from  one  fit  station  to  anotber  is  effreled,  ana 
sooner  detected  by  the  agriculturist,  than  they  ar«  uprooted  ■■ 
The  larger  shrubs  and  trees,  in  particular,  can  scarcely  «TCf 
ob^Tvation,  when  they  hare  attuned  a  certain  size,  and  wiH  iw^ 
fail  to  be  cut  down  if  unprofitable. 

The  same  observaliona  ate  appUcable  to  the  interchanpf  of  A> 
insects,  birds,  and  quadrupeds  of  two  regions   -'•     ■    1    ''      *'  - 
above  Alluded  to.     No  beasta  of  prey  are  permit* 
woy  across  the  intervening  arable  tracts.     Many  1 1 . : 
of  insects,  which  would  have  found  some  palaiall-    ■ 
rarious  herbs  and  trees  of  the  primeval  wilderness,  are  i"!*'^  t« 
Hubsist  on  the  olive,  the  vine,  the  wheat,  and  a  few  trees  mod  grM* 
favoured  by  man.     In  addition,  therefore,  to  his  direct  iiiii  I  nmiw 
man,  in  this  case,  operates  indirectly  to  impede  the  dit^eminatiM^ 
piiinla,   by  intercepting   the   migmlioa  of  animals,    many  of  ^i^ 
would  otherwi.<ie  have  been  active  in  transporting  seeds  froo  oK 
province  to  another. 

Whether,  in  the  vegetable  kingdom,  the  influence  of  man  wS 
tend,  after  a  considerable  lapse  of  agea,  to  render  the  geognphkil 
range  of  spectei  in  general  more  extended,  as  De  CandoUe  seeaB  B 
anticipate,  or  whether  the  compensating  agency  above  alluded  ta 
will  not  counterbalance  the  exceptions  caused  by  oar  naturalintioBli 
admits  at  least  of  some  doubt.  In  the  attempt  to  form  an  ts6mf 
on  this  subject,  we  must  be  careful  not  to  underrate,  or  ataoil 
overlook,  as  some  appear  to  have  done,  the  influence  of  man  in  cbwi' 
ing  tlie  diffusion   of  plants,    and   restricting   their   distribolkn  * 
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LAWS  WHICH  REGULATE  THE  GEOGRAPHICAL  DISTRIBUTION  OF 

SPECIES — continued. 

Geographical  distribation  of  animals — BofTon  on  specific  distinctness  of  qoadnipeds 
of  Old  and  New  World — Doctrine  of  "natural  barriers'* — Different  regions  of 
indigenous  mammalia — Europe — Africa — India,  and  Indian  Archipelago-^ 
Australia— North  and  South  America — Quadrupeds  in  islands — Range  of  the 
Cetacea — Dispersion  of  quadrupeds  —  their  powers  of  swimming —  Migratory- 
instincts — Drifting  of  animals  on  ice-floes — On  floating  islands  of  drift-timber 
— Migrations  of  Cetacea — Habitations  of  birds — Their  migrations  and  fieu^ilities 
of  difliision — Distribution  of  reptiles,  and  their  power  of  dissemination. 

Geographical  distribution  of  animals. — Although  in  speculating 
on  *'  philosophical  possibilities,"  said  Buflfon,  **  the  same  temperature 
might  have  been  expected,  all  other  circumstances  being  equal,  to 
produce  the  same  beings  in  different  parts  of  the  globe,  both  in  the 
animal  and  vegetable  kingdoms,  yet  is  is  an  undoubted  fact,  that 
i¥hen  America  was  discovered,  its  indigenous  quadrupeds  were  all 
dissimilar  to  those  previously  known  in  the  Old  World.  The  ele- 
phant, the  rhinoceros,  the  hippopotamus,  the  camelopard,  the  camel, 
the  dromedary,  the  buffalo,  the  horse,  the  ass,  the  lion,  the  tiger,  the 
apes,  the  baboons,  and  a  number  of  other  mammalia,  were  nowhere 
to  be  met  with  on  the  new  continent ;  while  in  the  old,  the  American 
species,  of  the  same  great  class,  were  nowhere^to  be  seen — the  tapir, 
the  lama,  the  pecari,  the  jaguar,  the  couguar,  the  agouti,  the  paca, 
the  coati,  and  the  sloth.** 

These  phenomena,  although  few  in  number  relatively  to  the  whole 
animate  creation,  were  so  striking  and  so  positive  in  their  nature, 
that  the  great  French  naturalist  caught  sight  at  once  of  a  general 
law  in  the  geographical  distribution  of  organic  beings,  namely,  the 
limitation  of  groups  of  distinct  species  to  regions  separated  from  the 
rest  of  the  globe  by  certain  natural  barriers.  It  was,  therefore,  in  a 
truly  philosophical  spirit  that,  relying  on  the  clearness  of  the  evidence 
obtained  respecting  the  larger  quadrupeds,  he  ventured  to  call  in 
question  the  identifications  announced  by  some  contemporary  natu- 
ralists of  species  of  animals  said  to  be  common  to  the  southern 
extremities  of  America  and  Africa.* 

The  migration  of  quadrupeds  from  one  part  of  the  globe  to  another, 
observes  Dr.  Prichard,  is  prevented  by  uncongenial  climates  and  the 
branches  of  the  ocean  which  intersect  continents.  ''Hence,  by  a 
reference  to  the  geographical  site  of  countries,  we  may  divide  the 
earth  into  a  certain  number  of  regions  fitted  to  become  the  abodes  of 
particular  groups  of  animals,  and  we  shall  find,  on  inquiry,  that  each 

*  Baffon,  ToL  y. — On  the  Virginian  Opoiram. 
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of  Iheae  provinces,  thus  conjecturallj  marked  out,   is  wea 
Iiabiled  by  a  disiinct  nation  of  quadra peds." *     It  wilt  ba  o 
that  tlje  language  of  Buffon  respecting  "natural  bArrien."  wl 
since  been  so  popular,  would  be  wlioUy   without    meamng 
geographical  didtrihution  of  organic  beings  had  not  led  t 
ndopt  very  generally  the  doctrine   of  tpedfo:    etnirtt,  or,  ia  a 
worda,  to  believe  tliat  each    species,  whether   of  plAnt    or  anil 
originated   in  a  single  birth-place.     Reject  this  riew,  and  tb«  fi 
thiit  not  a  single  native  quadruped  is  common  to  Austrmliit,  ihr  Cip  1 
of  Good  Hope,  and  South  America,  can  in  no  waja  be  expUiooit;  I 
adverting  to  the  wide  extent  of  intervening  ocean,  or  to  the  surk  I 
ueaertfl,  or  the  great  heat  or  eold  of  the  climate*,  throogli  wliid  m ' 
species  must  have  pasied,  befure  it  could  migruiv  from  one  of  ti 
distant  regions   lo  another.     It   might  fsiBy  be  asked  of  ua 
talked  of  impaisable  barriers,  why  the  same  kangaroos,  rhinot 
or  lama.*,  should  not  have  been  created  simul timeout ly  in  Am 
Africa,  and  South  America  !     The  horse,    the    ox,    And   tiie  i 
ullbougli  foreign  to  thest;  countries  until  iatroduceil  by  man,  « 
able  to  support  themselves  there  in  a  wild  state,  uid  we  caa  a 
doubt  that  many  of  the  quadrupeds  at  present  peculiar  lo  i 
Africa,  and  South  America,  might  have  continued  In  like  naj 
inhabit  each  of  tbe  three  continents  had    they  beicn  indtgeo 
could  they  once  have  gut  a  footing  there  as  new  colonics. 

At  the  same  time  every  zoologist  will  be  willing  to  concede,  tbf 
even  if  the  departure  of  each  species  from  a  single  centre  had  i^  | 
appeared  to  be  part  of  the  plan  of  Nature,  the  range  of  sprci«i» 
general  must  have  become  limited,  under  the  influence  of  a  varirtj  «^ 
causes,  especially  in  the  class  of  terrestrial  mammalia.  Srareely  «*T 
one  of  these  cuuld  be  exjiccted  to  retain  n.-  i'lir  n  ■rlr.im  t ■■  ll.'-  :it''  '■ 
cosmopolite  as  man,  although  even  the  human  race,  fitted  as  it  ti  br 
its  bodily  constitution  and  intellectual  resources  to  spread  "*j 
widely  over  the  earth,  is  far  from  being  strictly  cosmopolite.  Ii  "• 
excluded  both  from  the  arctic  and  antarctic  circles,  from  manyank 
desert  and  the  summits  of  many  mountain-chains ;  and  lastly,  6tA 
three-fourths  of  the  globe  covered  by  water,  where  there  are  l*ip 
areas  very  prolific  in  animal  life,  even  in  the  highest  ordff 
of  the  vertebrate  class.  But  the  habitations  of  species  are,  as  befon 
stated,  in  reference  to  plants  (see  above,  p.  614.)y  circumscribed 
by  causes  different  from  those  which  determine  their  ttationt,  aad 
thci^e  causes  are  clearly  connected  with  the  time  and  place  of  ibt 
original  creation  of  each  species. 

As  the  names  and  characters  of  land  quadrupeds  are  much  bettff 
known  to  the  general  reader  than  those  of  other  great  families  of  ^ 
animal  kingdom,  I  shall  select  this  class  to  exemplify  the  zoolopc^ 
provinces  into  which  species  are  divisible,  confining  myself^  bowe«i 
to  those  facts  which  may  help  to  elucidate  some  principle,  or  rule  tp- 
parently  followed  by  the  Author  of  Nature,  in  r^ard  to  that  "nj^t 

*  Fridurd'a  Fhji,  Hist  of  Mankind,  voL  L  p.  M. 
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of  mysteries,"  the  first  peopling  of  the  earth  with  living  beings.*  First, 
then,  the  European  region  comprehends,  besides  Europe,  the  borders 
of  the  Mediterranean,  and  even  the  north  of  Africa,  and  extends  into 
Asia,  beyond  the  Oural  mountains  and  the  Caspian.  Although  the 
species  are  almost  all  peculiar,  the  number  of  characteristic  genera  is 
remarkably  small.  The  bear,  the  fox,  the  hare,  the  rabbit,  the  deer, 
and  almost  every  European  form  is  found  equally  in  several  of  the 
other  large  provinces  of  mammalia,  where  the  species  are  distinct. 
Even  the  mole  ( Talpa\  although  confined  to  the  northern  parts  of 
the  old  world,  ranges  eastwards,  as  far  as  the  Himalaya  mountains. 

2dly.  The  African  Fauna,  on  the  other  hand,  is  singlarly  rich  in 
generic  forms,  not  met  with  in  a  living  state  in  any  other  region. 
The  hippopotamus,  for  example,  of  which  two  very  distinct  species 
are  known,  the  giraffe,  the  Chimpanzee,  the  blue-faced  baboon,  the 
four-fingered  monkeys  {Colohus)^  many  carnivora,  such  as  Proteles^ 
allied  to  the  hysena,  and  a  multitude  of  other  forms,  are  exclusively 
African.  A  few  of  the  species  inhabiting  the  northern  confines  of 
this  continent,  such  as  the  dromedary,  lion,  and  jaekall,  are  also 
common  to  Asia  i  and  a  much  larger  number  oi forms  belong  equally 
to  the  great  Asiatic  province,  the  species  being  distinct.  The  ele- 
phant, for  example,  of  Africa  is  smaller,  has  a  rounder  head,  and 
larger  ears  than  the  Indian  one,  and  has  only  three  instead  of  four 
nails  on  each  hind  foot.  In  like  manner,  not  one  of  three  African 
species  of  rhinoceros  agrees  with  one  of  the  three  Indian  kinds. 

3dly.  The  Southern  region  of  Africa^  where  that  continent  ex- 
tends into  the  temperate  zone,  constitutes  another  separate  zoolo- 
gical province,  surrounded  as  it  is  on  three  sides  by  the  ocean,  and 
cut  off  from  the  countries  of  milder  climate  in  the  northern  hemi- 
sphere, by  the  intervening  torrid  zone.  In  many  instances,  this 
region  contains  the  same  genera  which  are  found  in  temperate  cli- 
mates to  the  northward  of  the  line:  but  then  the  southern  are 
different  from  the  northern  species.  Thus,  in  the  south  we  find  the 
quagga  and  the  zebra;  in  the  north,  the  horse,  the  ass,  and  the 
jiggetai  of  Asia. 

The  south  of  Africa  is  spread  out  into  fine  level  plains  from  the 
tropic  to  the  Cape.  In  this  region,  says  Pennant,  besides  the  horse 
genus,  of  which  five  species  have  been  found,  there  are  also  peculiar 
species  of  rhinoceros,  the  hog,  and  the  hyrax,  among  pachydermatous 
races ;  and  amongst  the  ruminating,  the  Cape  buffalo,  and  a  variety 
of  remarkable  antelopes,  as  the  springbok,  the  oryx,  the  gnou,  the 
lencophoe,  the  pygarga,  and  several  others,  f 

4thly.  The  assemblage  of  quadrupeds  in  Madagascar  affords  a 
striking  illustration  of  the  laws  before  alluded  to,  as  governing  the 

*  In  the  above  enumeration  of  the  History  of  the  Mammalia,**  now  in  the 

leading   zoological   provinces    of  land  course  of  publication.  London,  Bailliere, 

quadrupeds  I  have  been  most  kindly  1846. 

assisted  by  Mr.  Waterhouse  of  the  Briliah  f  Pennant's  Hist  of  Quadrupeds,  cited 

Museum,  author  of  a  most  able  and  by  Prichard,  Fbys.  Hist,  of  Mankind, 

comprehensiTe  work  on  the  **  Natural  voL  i  p.  66. 
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distribution  of  species  in  Jslnnda.  Separated  from  Afrka  bjrlliel* 
zambi(|ue  cliimnel,  which  is  300  miles  wide,  Madagaacnr  tunn,  *i 
two  or  three  Bmnll  islands  in  its  immediate  Ticinitf ,  a  soaln^ 
vince  by  itself,  all  tlie  species  except  ooe,  and  Dearly  all  the 
being  peculiar.  The  only  exception  consists  of  a  atnall 
quftilruped  {Cenleies),  found  also  in  the  Mauritius,  to  which  plMt'k 
is  supposed  to  have  bven  taken  in  ships.  The  most  chi 
feature  of  this  remarkable  fauna  consists  in  the  nuEober  of  qi 
of  the  Lemur  family,  no  less  than  six  genera  of  those  monkeji  bai| 
exclusively  met  with  iu  ihis  island,  and  a  seventh  genua  of  the  i 
called  Galaffo,  which  alone  has  any  foreign  repreaentaijrt^  I 
found,  as  vre  might  from  analogy  have  anticipated,  in  the  oearet 
land.  Had  the  species  of  quadrupeds  in  Madagascar  agrvcd  ml 
those  of  the  contiguous  parts  of  Africa,  as  do  tho8e  of  Enghuid  wiA 
the  rest  of  Europe,  the  naturalist  would  have  inferred  thai  then 
been  n  loud  communication  since  the  period  of  the  coming  in  1/  Al 
existing  quadrupeds,  whereas  we  may  now  conclude  that  tbc 
bique  channel  has  constituted  an  insuperable  barrier  to  the  tmnonii 
the  continental  fauna  with  that  of  the  great  Islajid  duriag  the  vMt 
period  that  has  elapsed  since  the  living  species  were  created. 

5thly.  Another  of  the  great  nations  of  lerreslriitl  maratnalia  it  M 
of  India,  containing  a  great  variety  of  peculiar  forms,  J"oeli  as  ih 
sloth-bear  {Prochilus),  the  musk-deer  {Moscus),  the  nylghau,  li« 
gibbon  or  long-armed  ape,  and  many  others,  6lhly.  A  portioa  rf 
the  islands  of  the  Indian  archipelago  might,  perhaps,  be  coiuidoiJ 
by  some  geologists  as  an  appendage  of  the  same  province.  In  && 
we  lind  in  the  large  islands  of  Java,  Sumatra,  and  Borneo  the  fane 
genera,  for  thu  most  part,  as  on  the  continent  of  India,  and  some  of  at 
same  species,  e.g.  the  tapir  {Tapirut  JUalayanut),  the  rhinocenis oi 
Sumatra,  and  some  others.  ^lost  of  the  species,  however,  are  dii- 
tinct,  and  each  island  has  many,  and  even  a  few  genera,  pecoUit 
to  itself.  Between  eiglity  and  ninety  species  are  known  to  iohalit 
Java,  and  nearly  the  same  number  occur  in  Sumatra.  Of  the*, 
more  than  half  are  common  to  the  two  islands.  Borneo,  which  ii 
much  less  explored,  has  yielded  already  upwards  of  sixty  speci<A 
more  than  half  of  which  are  met  with  either  in  Java,  or  Sumatra. 
Of  the  species  inlmbiting  Sumatra  cuid  not  found  in  Java,  Bonto 
contains  the  greater  portion.  Upon  the  whole,  if  these  three  Ii;^ 
islands  were  united  and  a  fusion  of  their  respective  indigenoiu  aum- 
malia  should  take  place,  they  would  present  a  fauna  related  to  thai  rf 
continental  India,  and  comprising  about  as  many  species  as  we  migbt 
expect  from  analogy  to  discover  in  an  area  of  equal  extent.  The 
Philippine  Islands  are  peopled  with  another  assemblage  of  sptdei 
generically  related  to  the  great  Indian  type. 

7[lily.  But  the  islands  of  Celebes,  Amboina,  Timor,  and  .V<« 
Guinea,  constitute  a  different  region  of  mammalia  more  allied  to 
the  Australian  type,  as  having  an  intermixture  of  marsupial  qn^ 
rupeds,  yet  showing  an  affinity  also  to  the  Indian  in  such  forms  ai 
the  deer  (Cernj*),  the  weasel  ( Viverra),  tbs  \af  (Su),  the  Uae^M 
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monkey  (Circopithecus),  and  others.  As  we  proceed  in  a  south- 
westerly  direction,  from  Celebes  to  Amboina  and  thence  to  New 
Guinea,  we  find  the  Indian  types  diminishing  in  number,  and  the 
Australian  (t.  e.  marsupial  forms)  increasing.  Thus  in  New  Guinea 
seven  species  of  pouched  quadrupeds  have  been  detected,  and  among 
them  two  singular  tree-kangaroos ;  yet  only  one  species  of  the  whole 
seven,  viz.  the  flying  opossum  {Petaurus  ariet)y  is  common  to  the 
Indian  archipelago  and  the  main  land  of  Australia.  The  greater 
zoological  affinity,  therefore,  between  the  latter  and  the  New  Guinea 
fauna,  although  it  seems  in  some  way  connected  with  geographical 
proximity,  is  not  to  be  explained  simply  by  the  mutual  migration 
of  species  from  the  one  to  the  other. 

8thly.  When  Australia  was  discovered,  its  land  quadrupeds,  belong- 
ing almost  exclusively  to  the  marsupial  or  pouched  tribe,  such  as  the 
kangaroos,  wombats,  flying  opossums,  kangaroo-rats,  and  others,  some 
feeding  on  herbs  and  fruits,  others  carnivorous,  were  so  novel  in 
their  structure  and  aspect,  that  they  appeared  to  the  naturalist 
almost  as  strange  as  if  they  were  the  inhabitants  of  some  other  planet. 
We  learn  from  the  recent  investigations  of  Mr.  Waterhouse*,  that 
no  less  than  170  species  of  marsupial  quadrupeds  have  now  been 
determined,  and  of  the  whole  number  all  but  thirty- two  are  ex- 
clusively restricted  to  Australia.  Of  these  thirty-two,  nine  belong 
to  the  islands  in  the  Indian  archipelago  before  mentioned,  and  the 
other  twenty-three  are  all  species  of  opossum  inhabiting  the 
tropical  parts  of  South  America,  or  a  few  of  them  extending  into 
Mexico  and  California,  and  one,  the  Virginian  opossum,  into  the 
United  States. 

9thly.  It  only  remains  for  me  to  say  something  of  the  mammiferous 
fauna  of  North  and  South  America.  It  has  often  been  said  that, 
where  the  three  continents  of  Asia,  Europe,  and  North  America, 
approach  very  near  to  each  other  towards  the  pole,  the  whole  arctic 
region  forms  one  zoological  and  botanical  province.  The  narrow 
straits  which  separate  the  old  and  new  world  are  frozen  over  in 
winter,  and  the  distance  is  farther  lessened  by  intervening  islands. 
Many  plants  and  animals  of  various  classes  have  accordingly  spread 
over  all  the  arctic  lands,  being  sometimes  carried  in  the  same  manner 
as  the  polar  bear,  when  it  is  drifted  on  floating  ice  from  Greenland 
to  Iceland.  But  on  a  close  inspection  of  the  arctic  mammalia,  it  has 
been  found  of  late  years  that  a  very  small  number  of  the  American 
species  are  identical  with  those  of  Europe  or  Asia.  The  genera  are,  in 
great  part,  the  same  or  nearly  allied;  but  the  species  are  rarely  identi- 
cal, and  are  often  very  unlike,  as  in  the  case  of  the  American  badger 
and  that  of  Europe.  Some  of  the  genera  of  arctic  America,  such  as 
the  musk  ox  (  Ovibos\  are  quite  peculiar,  and  the  distinctness  of  the 
fauna  of  the  great  continents  goes  on  increasing  in  proportion  as  we 
trace  them  southwards,  or  as  they  recede  farther  from  each  other,  and 

*  Natural  History  of  the  Mammal  in,  vol   i.,  on   the   Marsupials.     London, 
BaiUiere.  1S46. 
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become  more  and  more  Beparaled  by  the  ocean.  At  length  w«  bi 
tbat  tbe  three  groups  of  tropical  inaoimalia,  belonging  aeverallj* 
America,  Africa,  and  India,  have  not  a  iingle  species  in  omsbd*. 

The  predominant  mfluence  of  climate  over  all  the  other  canwi  «U 
limit  the  range  of  species  in  the  mammalia  is  pi-rliniis  nowben  »  em- 
Hpicuously  displayed  as  in  North  America.  The  u-clic  fsinu,..* 
mlroirably  described  by  Sir  John  Richardson,  has  stuircely  any  spra* 
in  common  with  the  fauna  of  the  state  of  New  York,  which  b  SD 
miles  farther  south,  and  compriaes  about  forty  distinct  mammifeti.  U 
again  we  travel  farther  south  about  600  miles,  nnil  enter  anMte 
tone,  running  east  and  west,  in  Soulh  Carolina,  Georgia,  AlafiosL 
and  the  contiguous  states,  we  Rgain  meet  with  a  new  afMBibbgea 
land  quadrupeds,  and  this  again  differs  from  the  fauoa  of  TeUA  ■hx 
frosts  are  unknown.  It  will  he  observed  that  on  this  contincot  tbat 
are  no  great  geographical  barriers  running  east  and  west,  mch  as  \u^ 
snow-clad  mountains,  barren  deserts,  or  wide  arma  of  the  sea,  capatli 
of  checking  the  free  migration  of  species  from  north  to  south.  Bo 
notwithstanding  tbe  distinctness  of  those  zones  of  indigenous  nw 
malio,  there  ore  some  species,  such  as  the  butTalo  (ijuon  AaterirQa^l 
the  racoon  {^Procyoa  lotor),  and  thii  Virginian  upoMom  {Didilpiii 
Virffiniana'),  which  have  a  wider  habitation,  ranging  alinoal  &MI 
Canada  to  the  Gulf  of  Mexico;  but  they  form  vxcvptiont  to  At 
general  rule.  The  opossum  of  Texas  (DidtlpAis  cam-rirora)  a 
different  from  that  of  Virginia,  and  other  species  of  the  same  g'luu 
inhabit  westward  of  the  Rocky  Mountains,  in  California,  for  examjJe. 
where  almost  ail  the  mnmrailia  differ  from  those  in  the  L'oiuJ 
Slates. 

lOtlily.  The  fl'est  Indian  liind  quadrupeds  are  not  nuraerou*,  bM 
several  of  them  are  peculiar;  and  llthly.  South  America  is  the  meet 
distinct,  with  the  exception  of  Australia,  of  all  the  pi^vinces  ioM 
which  the  mammalia  can  be  classed  geographically.  The  varioos 
genera  of  monkeys,  for  example,  belong  to  the  family  Plalyrrhiai,  i 
large  natural  division  of  the  quadrumana,  so  named  from  their  wid^lT 
separated  nostrils.  They  have  a  peculiar  dentition,  and  many  d 
them  prehensile  tails,  and  are  entirely  unknown  in  other  quarters  of 
the  globe.  The  sloths  and  armadillos,  the  true  blood-sucking  bati 
or  varapyres  {Phyllostomtda),  the  capybara,  the  largest  of  lis 
rodents,  the  carnivorous  coati-mondi  (AWua),  and  a  great  manyotba 
forms,  are  also  exclusively  characteristic  of  South  America. 

"In  Peru  and  Chili,"  says  Humboldt,  "the  region  of  the  grasses, 
which  is  at  an  elevation  of  from  12,300  to  15,400  feet,  is  inhabited 
by  crowds  of  lama,  guanaco,  and  alpaca.  These  quadrupeds,  whicb 
here  represent  tbe  genus  camel  of  the  ancient  continent,  have  not 
extended  themselves  either  to  Brazil  or  Mexico ;  because,  durin; 
their  journey,  they  must  necessarily  have  descended  into  rtgioai 
that  were  too  hot  for  them."*  In  this  passage  it  will  be  sees  thtt 
the  doctrine  of  "specific  ceotree"  is  tacitly  assamed. 

*  Deeeription  of  the  Eqoalorial  Begkiiifc 
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Quadrupeds  in  Islands. — Islands  remote  from  continents,  especially 
those  of  small  size,  are  either  destitute  of  quadrupeds,  except  such  as 
have  been  conveyed  to  them  bj  man,  or  contain  species  peculiar  to 
them.  In  the  Galapagos  archipelago  no  indigenous  quadrupeds  were 
found  except  one  mouse,  which  is  supposed  to  be  distinct  from  any 
hitherto  found  elsewhere.  A  peculiar  species  of  fox  is  indigenous  in 
the  Falkland  Islands,  and  a  rat  in  New  Zealand,  which  last  country, 
notwithstanding  its  magnitude,  is  destitute  of  other  mammalia,  except 
bats,  and  these,  says  Dr.  Frichard,  may  have  made  their  way  along 
the  chain  of  islands  which  extend  from  the  shores  of  New  Guinea  far 
into  the  Southern  Pacific.  The  same  author  remarks,  that  amons: 
the  various  groups  of  fertile  islands  in  the  Pacific,  no  quadrupeds 
have  been  met  with  except  the  rat  and  a  few  bats  as  above  mentioned, 
and  the  dog  and  hog,  which  appear  to  have  been  conveyed  thither 
by  the  natives  from  New  Guinea.  "  Rats  are  to  be  found  even  on 
some  desert  islands,  whither  they  may  have  been  conveyed  by  canoes 
which  have  occasionally  approached  the  shore.  It  is  known,  also, 
that  rats  occasionally  swim  in  large  numbers  to  considerable  dis- 
tances."* 

Geographical  range  of  the  Cetacea. — It  is  natural  to  suppose  that 
the  geographical  range  of  thi  different  species  of  Cetacea  should  be 
less  correctly  ascertained  than  that  of  the  terrestrial  mammifers.  It 
is,  however,  well  known  that  the  whales  which  are  obtained  by  our 
fishers  in  the  South  Seas  are  distinct  from  those  of  the  North ;  and 
the  same  dissimilarity  has  been  found  in  all  the  other  marine  animals, 
of  the  same  class,  so  far  as  they  have  yet  been  studied  by  naturalists. 
Dispersion  of  quadrupeds,  —  Let  us  now  inquire  what  facilities 
the  various  land  quadrupeds  enjoy  of  spreading  themselves  over  the 
surface  of  the  earth.  In  the  first  place,  as  their  numbers  multiply, 
all  of  them,  whether  they  feed  on  plants,  or  prey  on  other  animals, 
are  disposed  to  scatter  themselves  graduaUy  over  as  wide  an  area  as 
is  accessible  to  them.  But  before  they  have  extended  their  migra- 
tions over  a  large  space,  they  are  usually  arrested  either  by  the  sea, 
or  a  zone  of  uncongenial  climate,  or  some  lofty  and  unbroken  chain 
of  mountains,  or  a  tract  already  occupied  by  a  hostile  and  more 
powerful  species. 

Their  powers  of  swimming, — ^Rivers  and  narrow  friths  can  seldom 
interfere  with  their  progress;  for  the  greater  part  of  them  swim  well, 
and  few  are  without  this  power  when  urged  by  danger  and  pressing 
want.  Thus,  amongst  beasts  of  prey,  the  tiger  is  seen  swimming 
about  among  the  islands  and  creeks  in  the  delta  of  the  Ganges,  and 
the  jaguar  traverses  with  ease  the  largest  streams  in  South  America.t 
The  bear,  also,  and  the  bison,  cross  the  current  of  the  Mississippi. 
The  popular  error,  that  the  common  swine  cannot  escape  by  swimming 
when  thrown  into  the  water,  has  been  contradicted  by  several  curious 
and  well-authenticated  instances  during  the  floods  in  Scotland  of  1829. 
One  pig,  only  six  months  old,  after  having  been  carried  down  from 

*  Frichard,  Phys.  Hist,  of  Mankind,  toI.  L  p.  75.      f  Boffon,  vol  t.  p.  204. 
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n  like  maaner,  rf  ffjci  *iBg  ifciMrliri  ftr  fc— » ja  tbe«ihai«r 
caoMdenbk  ifetenew :  sad  in  tUs  wsj;  peffcafi^  tl^  ■■fv  (T^pV 
Jiidltnu)  maj  bare  becnae   «  ~ 


To  the  deptmt,  ia  particrin-,  tbn  paver  af  otvadi^  isvoi  ll 
eaeotial  m  K  mU  Male,  iiir  tbe  qaaadtj' of  food  wUck  ft  ^adflf  Am 
taiBMla  emnoBM  nndfn  it  aMtnwT  tkat  ik^  AaaU  be  eoatfH^f 

aotiag  from  pbee  M>  ^aee.  The  dephau  <!JMt»  tke  ab«am  ia  tee 
vftji.  ir  xhe  bed  of  tbe  rirer  be  banl,  sa4  Ae  wMer  aok  «f  Uo  |ial 
a  dcptb,  be  fordg  it.  Bat  vbea  he  erodes  ffreat  riren,  aoA  m  At 
Ganges  and  tbe  !^^er,  tL?  elephuit  tiriiai  deep,  so  &w^  that  tbe  tti 

(,{l\i  trur,lcTiV;..,-j;  oft'  ^Tr,t,7,  t'  -  j;  i.  -  -._■:,:  :  ;:  ;  :?-,-« 
to  bim  wbetber  his  bodj  be  complelelj  immersed,  provided  be  <■■ 
bring  ibe  lip  of  his  tronk  to  the  suiface,  so  as  lo  breathe  the  exierail 
sir. 

Animate  of  the  deer  kind  freqaentlv  take  to  the  water.  esperitHj 
in  the  rutting  season,  when  the  itags  are  seen,  swimmiDv  for  jevtril 
leagues  at  a  time,  from  inland  to  island,  in  search  of  the  does,  e^peciiilj 
in  the  Canadian  lakes ;  and  in  some  countries  where  there  are  iskads 
near  the  iea-shore,  tbey  fearlesslj  enter  the  sea  and  swim  to  then. 
In  bunting  excursions,  in  North  America,  the  elk  of  that  coontrj  ii 
fr«v]uentty  pursued  for  great  distances  through  the  waier- 

Tlie  large  herbivorous  animals,  which  are  gregariooi,  can  nerfr 
remain  long  in  a  confined  region,  as  they  consume  »o  moch  TegetaU« 
food.  The  immense  herds  of  bisons  (Bot  .ImerieoiMu)  which  often. 
in  the  great  valleys  of  the  SGssissippi  and  its  triboiaries,  blacken 
the  surface  of  the  prairie  lands,  are  continnallj  shifting  their 
(juarters,  followed  by  wolves,  which  prowl  about  in  their  rear,  '"ll 
is  no  exaggeration,'  says  3fr.  Jame*,  "to  assert,  that  in  one  place, 
on  the  hanks  of  the  Fbttte,  at  least  len  thoosand  bisooa  bnrst  on  oor 
light  in  an  instant.  In  the  morning,  we  again  sought  the  liriD* 
picture  ;  but  upon  all  the  plain,  which  last  erening  was  so  teemin* 
with  noble  animals,  not  one  Temained.'| 

Migratory  irutineU.  —  Besides  the  dtspodtioa  common  to  ibt 
'•tdiriduali  of  every  species  slowly  to  extend  tbdr  range  in  search 
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of  food,  in  proportion  as  their  numbers  augment,  a  migratory  iustinct 
oflien  developeB  itself  in  an  extraordinary  manner,  when,  ailer  an 
unusually  prolific  season,  or  upon  a  sudden  scarcity  of  provisions, 
great  multitudes  are  threatened  hy  famine.  It  may  be  useful  to 
enumerate  some  examples  of  these  migrations,  because  they  may  put 
us  upon  our  guard  against  attributing  a  high  antiquity  to  a  particular 
species  merely  because  it  is  diffused  over  a  great  space :  they  show 
clearly  how  soon,  in  a  state  of  nature,  a  newly  created  species  might 
spread  itself,  in  every  direction,  from  a  single  point. 

In  very  severe  winters,  great  numbers  of  the  black  bears  of 
America  migrate  from  Canada  into  the  United  States ;  but  in  milder 
seasons,  when  they  have  been  well  fed,  they  remain  and  hybemato 
in  the  north."  The  rein-deer,  which,  in  Scandinavia,  can  scarcely 
exist  to  the  south  of  the  sixty-fifth  parallel,  descends,  in  consequence 
of  the  greater  coldness  of  the  climate,  to  the  fiftieth  degree  in  Chinese 
Tartary,  and  often  roves  into  a  country  of  more  southern  latitude 
than  any  part  of  England. 

In  Lapland,  and  , other  high  latitudes,  the  common  squirrels, 
whenever  they  are  compelled,  by  want  of  provisions,  to  quit  thmr 
usual  abodes,  migrate  in  amazing  numbers,  and  travel  directly  for- 
wards, allowing  neither  rocks  nor  forests,  nor  the  broadest  waters 
to  turn  them  from  their  course.  Great  numbers  are  often  drowned 
in  attempting  to  pass  friths  and  rivers.  In  like  manner  the  small 
Norway  rat  sometimes  pursues  its  migrations  in  &  straight  line 
across  rivers  and  lakes;  and  Pennant  informs  us,  that  when  the 
rats,  in  Kamtschatka,  become  too  numerous,  they  gather  together  in 
the  spring,  and  proceed  in  great  bodies  westward,  swimming  over 
rivers,  lakes,  and  arms  of  the  sea.  Many  are  drowned  or  destroyed 
by  water-fowl  or  fish.  As  soon  as  they  have  crossed  the  river 
Penginek,  at  the  head  of  the  gulf  of  the  same  name,  they  tura 
southward,  end  reach  the  rivers  Judoma  and  Okotsk  by  the  middle 
of  July ;  a  district  more  than  800  miles  distant  from  their  point  of 
departure. 

The  lemings,  also,  a  small  kind  of  rat,  are  described  as  natives  of 
the  mountains  of  Kolen,  in  Lapland ;  and  once  or  twice  in  a  quarter 


^^tim^ 
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of  a  century  they  appear  in  vast  numbers,  advancing  along  tlie 
ground,  and  "devouring  every  green  thing."    Innumerable  bands 

*  mcbardaou's  Fauna  Boreali-Americana,  p.  16. 
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march  from  tiie  Kolen,  through  Nordlnnd  and  FinmaA,  to  tta 
Western  Ocean,  which  they  immediately  enter  j  and  af^r  swimmi^ 
about  for  iorae  time,  perish.  Oiher  bands  take  their  rx)iire  iIitqi^ 
SwediEli  Lnpland,  to  the  Bothnian  Gulf,  where  they  are  drowoed  a 
the  same  manner.  They  are  followed  in  their  journeys  by  ban* 
wolves,  and  foxes,  which  prey  upon  them  incessantly.  Tbcygra^i 
rally  move  in  lines,  which  are  about  three  feet  from  each  other,  lai 
exactly  parallel,  going  directly  forward  through  rivers  and  likM; 
and  when  tliey  meet  with  stacks  of  hay  or  coro,  gnawing  their  *t7 
through  them  instead  of  passing  roand.*  These  exeureions  uaiuUj 
precede  a  rigorous  winter,  of  which  the  leniings  seem  in  some  *ij 
forewarned. 

Vast  troops  of  the  wild  as9,  or  onager  of  the  ancient^  whid 
inhaliit  the  mounttiiuous  deserts  of  Great  Tarlary,  feed,  during  tbf 
summer,  in  the  tracts  east  and  north  of  Lake  Aral.  In  the  aotiiBS 
they  collect  in  herds  of  hundreds,  and  even  thousands,  and  dinct 
their  course  towards  Persia,  to  enjoy  a  warm  retreat  during  winW.f 
Bands  of  two  or  three  hundred  quaggas,  a  species  of  wild  wt^  m 
sometimes  seen  to  migrate  from  the  tropical  plains  of  southern  A&ks 
to  the  vicinity  of  the  Malaleveen  Eiver.  During  their  migralieM 
they  are  followed  by  lions,  who  slaughter  them  night  by  night} 

The  migratory  swarms  of  iho  springbok,  or  Cape  nntelopo,  tff'H 
another  illustration  of  the  rapidity  with  which  a  species  under  certain 
circumstances  may  he  diffused  over  a  continent  When  the  slajninl 
pools  of  the  immense  deserts  south  of  tlie  Orange  River  dry  u[i, 
which  often  happens  after  intervals  of  three  or  four  years  nn-riiJi 
of  these  animals  desert  the  parched  soil,  and  pour  down  likr  a  Mazt 
on  the  cultivated  regions  near  the  Cape.  The  havoc  commiltfi  bj 
them  resembles  that  of  the  African  locusts  ;  and  so  crowdi-d  are  ili( 
herds,  tliat  "the  lion  has  been  seen  to  walk  in  the  midst  of  the  c^itr- 
presscd  plialanx  with  only  as  much  room  bclwcen  him  and  his  vic'tim- 
as  the  fears  of  those  immediately  around  could  procure  bv  pri-j^tnf 
ontwards."§ 

Dr.  Ilorsficid  mentions  a  singular  fact  in  regard  to  the  geotrraph;''!! 
distribution  of  the  Myduus  meliccps,  on  animal  intermediate  tiflw- en 
the  polecat  and  badger.  It  inhabits  Java,  and  is  "  eonfinfd  exchj*ire'_r 
to  lliose  mountains  wliich  have  an  elevation  of  more  tlian  *ftea 
thonsaud  fect  above  the  level  of  the  ocean  :  on  those  it  occur^:  with 
the  same  regularity  as  many  plants.  The  long-estemled  surface  of 
Java,  abounding  with  conical  points  which  exceed  this  elevaiicn. 
affords  many  places  favourable  for  its  resort.  On  ascending  thefo 
mountains,  the  traveller  scarcely  fails  to  meet  with  this  animal  whirtu 
from  its  peculiarities,  is  universally  known  to  the  inhabtiant:>  cif  thesf 
elevated  tracts,  while  to  tliose  of  the  plains  it  is  as  strange  as  an 

•  riiil.  Trans.,  vol.  iL  p.  8:2.  §  Curler's  Animal  KinRl.nn  hr  Gnl- 

+  Wooil's  Zoogrnpliy,  vol  i.  p.  1 1.  filhs,  vul.  ii.  p.  109.     lilinirv  of  tnUT- 

X  On  the  autliurity  c^  Mr.  CompbrlL  tnining  Knuwlrdgr,  Uciutginot,  vuL  i 

Lilirarr  of  Entcrt.  Know.,  MenagL'rics,  p.  3C6. 
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animal  from  a  foreign  county.  Id  laj  visits  to  the  moantainoiu 
districts,  I  uniformly  met  with  it ;  and,  aa  far  as  the  informRtion  of 
the  natives  can  be  relied  od,  it  is  found  on  all  the  mountains."* 

Now,  if  asked  to  conjecture  how  the  Mydaus  arrived  at  the  elevated 
regions  of  euch  of  these  isolated  mountains,  we  might  say  that,  before 
the  island  was  peopled  by  man,  by  whom  their  numbers  are  now 
thinned,  they  may  occasionally  have  multiplied  so  as  to  be  forced  to 
collect  together  and  migrate  :  in  which  case,  notwithstanding  the  slow- 
ness of  their  motions,  some  few  would  succeed  in  reaching  another 
mountain,  some  twenty,  or  even,  perhaps,  fifty  miles  distant;  for 
although  the  cliraiite  of  the  hot  intervening  plains  would  be  unfavour- 
able to  ihem,  they  might  support  it  for  a  time,  and  would  find  there 
abundance  of  insects  on  which  they  feed.  Volcanic  eruptions,  which, 
at  difivrent  times  have  covered  the  summits  of  some  of  those  lofty 
cones  with  sterile  sand  and  ashes,  may  have  occasionally  contributed 
to  force  on  these  migrations. 

Drifting  of  ammaU  on  ice-Jloes. — ^The  power  of  the  terrestrial 
mammalia  to  cross  the  sea  is  very  limited,  and  it  was  before  stated  that 
the  same  species  is  scarcely  ever  common  to  districts  widely  separated 
by  tlie  ocean.  If  there  be  some  exceptions  to  this  rule,  they  generally 
admit  of  explanation  ;  for  there  are  natural  means  whereby  some 
animals  may  be  floated  across  the  water,  and  the  sea  may  in  the 
course  of  ages  wear  a  wide  passage  through  a  neck  of  land,  leaving 
individuals  of  a  species  on  each  side  of  the  new  channel.  Polar  bears 
are  known  to  have  been  frequently  drifted  on  the  ice  from  Greenland 
to  Iceland  :  they  can  also  swim  to  considerable  distances,  for  Captain 
Parry,  on  the  return  of  his  ships  through  Barrow's  Straits,  met  with 
a  bear  swimming  in  the  water  about  midway  between  the  shores, 
which  were  about  forty  miles  apart,  and  where  no  ice  was  in  sight.f 
"  Near  the  east  coast  of  Greenland,"  observes  Scoresby,  "  they  have 
been  seen  on  the  ice  in  such  quantities,  that  they  were  compared  to 
fiocks  of  sheep  on  a  common  ;  and  they  are  often  found  on  field-ice, 
above  two  hundred  miles  from  the  shore."}  Wolves,  in  the  arctic 
regions,  often  venture  upon  the  ice  near  the  shore,  for  the  purpose  of 

*  Ilonfleld,  Zoological  lUsearchet  in        f  Append,  to  Pairj'a  Sectnd  Yoyage, 
Java,  No.  ii.,  trom  which  ttiB  figure  is    yean  1819-30. 
taken.  t  Account  of  the  Antic  Bcgioaa, 
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preying  upon  young  seals,  which  they  surprise  whna  asWp.     Wi« 
thuse  ice-floes  get  detached,  the  wolves  are  often  cornei]  out  h 
nnd  tliough  some  may  be  drlfleil  to  isUinda  or  contincat«,  llie  g 
part  (it  them  perisli,  and  liavo  been  often  heard  in  tlus  liti 
howling  dreadfully,  as  they  die  by  famine.*  _ 

During  the  short  summer  which  risita  Melvilla  lalaod,  nrm 
plaata  push  forth  ihoir  leaves  and  flowers  the  momcat  tlkc 
the  ground,  nnd  form  a  carpet  spangled  with  the  moat  lively  rakM^ 
These  secluded  spots  are  reached  annually  by  bcrd«  of  miuk-ua 
and  rein-deer,  which  travel  immense  distances  over  draty  ■■ 
desolate  regions,  to  graze  undisturbed  on  these  luxuriant  poiioni't 
The  rein-deer  oficn  pas^  along  in  the  same  monnrr,  by  the  chuiil 
the  Aleutian  Islands,  from  Behriog'a  Straits  to  Kainlachalki,  Mk 
eisting  on  the  moss  found  in  these  islands  during  thotr  puMgr.}' 
But  the  musk-ox,  notwithstanding  its  migratory  habits,  and  iu  !■( 
journeys  over  the  ice,  does  not  exist  either  in  Asift  or  GrvcBUn^l 

On  Jioating  ulandt  of  drifl-vood.  —  Within  the  Iropici  tb<tv  M 
nu  ice-floes ;  but,  as  if  to  compensate  for  that  mode  of  tran-ipartiii^ 
lliere  are  floating  islets  of  matted  trees,  which  are  often  borne  »!■( 
through  considerable  spaces.  These  are  sometimes  stwn  Hitiasit 
the  distance  of  fifty  or  one  hundred  mites  froni  the  mouth  of  Ik 
Gunges,  with  living  trees  stUDdlng  erect  upon  tliem.  Tbe  Kminm. 
the  Congo,  and  the  Orinoco,  also  produce  these  verdant  rafts,  olucb 
are  formed  in  the  manner  already  described  when  speaking  of  ibt 
great  raft  of  the  Atchafalaya,  an  arm  of  the  Mississippi,  wh*r!  s 
natural  bridge  of  timber,  ten  miles  long,  and  more  than  two  huniffJ 
yards  wide,  existed  for  more  than  forty  years,  supporting  a  luinrual 
vegetation,  and  rising  and  sinking  with  the  water  which  flowed 
beneath  it. 

On  these  green  islets  of  the  Mississippi,  observes  Maltc-Broa, 
young  trees  take  root,  and  the  pistia  and  oenuphiir  display  their 
yellow  flowers :  serpents,  birds,  and  the  cayman  alligator,  come  lo 
repose  there,  and  all  are  sometimes  carried  to  the  sea,  and  engulpbfd 
in  its  waters.  || 

Spix  and  Martins  relate  that,  during  their  traveb  in  Brazil,  dwy 
were  exposed  to  great  danger  while  ascending  the  Amaxon  in  ■ 
canoe,  from  the  vast  quantity  of  drift-wood  constantly  propelkd 
against  ihem  by  the  current ;  so  much  so,  that  their  safety  depended 
on  the  crew  being  always  on  the  alert  to  turn  aside  the  truaksof 
trees  with  long  poles.  The  tops  alone  of  some  trees  appeared  abon 
water,  others  bad  their  roots  attached  to  them  with  eo  much  soil  tbit 
they  might  be  compared  to  floating  islets.  On  these,  say  the  irtvd- 
lers,  we  saw  some  very  singular  assemblages  of  animals,  pnraniif 
peacefully  their  uncertain  way  in  strange  companionship.  Oo  ok 
raft  were  several  grave-looking  storks,  perched  by  the  side  of  a  partj 

*  Tiirton  in  a  noto  to  Goidsmiili's  t  Godman's  Americaa  IiiL  Bi*- 
Kal.  Hist.  vol.  iii.  p.  iX  toL  i  p.  32. 

t  Supplement  lo  Parry's  Fint  Voyage  %  Dr.  Bichardacn,  Ait.  Aaoc.  B*- 
of  DiscoTiry,  p.  189.  port,  toL  t.  p.  161. 
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of  monkeys,  who  made  comical  gestiiresy  and  burst  into  loud  cries,  on 
seeing  the  canoe*  On  another  was  seen  a  number  of  ducks  and 
divers,  sitting  bj  a  group  of  squirrels.  Next  came  down,  upon  the 
stem  of  a  large  rotten  cedar  tree,  an  enormous  crocodile,  by  the  side 
of  a  tiger-cat,  both  animals  regarding  each  other  with  hostility  and 
mistrust,  but  the  saurian  being  evidently  most  at  his  ease,  as  consdoua 
of  his  superior  strength.* 

Similar  green  rafts,  principally  composed  of  canes  and  brushwood^  , 
are  called  *^  camelotes  "  on  the  Parana  in  South  America ;  and  they 
are  occasionally  carried  down  by  inundations,  bearing  on  them  the 
tiger,  cayman,  squirrels,  and  other  quadrupeds,  which  are  said  to  be 
always  terror-stricken  on  their  floating  habitation.  No  less  than  four 
tigers  (pumas)  were  landed  in  this  manner  in  one  night  at  Monte 
Video,  lat.  36^  S.,  to  the  great  alarm  of  the  inhabitants,  who  found 
them  prowling  about  the  streets  in  the  morning.f 

In  a  memoir  lately  published,  a  naval  officer  relates  that,  as  he 
returned  from  China  by  the  eastern  passage,  he  fell  in,  among  the 
Moluccas,  with  several  small  floating  islands  of  this  kind,  covered 
tvith  mangrove  trees  interwoven  with  underwood.  The  trees  and 
shrubs  retained  their  verdure,  receiving  nourishment  from  a  stratum 
of  soil  which  formed  a  white  beach  round  the  margin  of  each  raft, 
where  it  was  exposed  to  the  washing  of  the  waves  and  the  rays  of 
the  sun4  The  occurrence  of  soil  in  such  situations  may  easily  be 
explained ;  for  all  the  natural  bridges  of  timber  which  occasionally 
eonnect  the  islands  of  the  Ganges,  Mississippi,  and  other  rivers, 
with  their  banks,  are  exposed  to  floods  of  water,  densely  charged 
with  sediment. 

Captain  W.  H.  Smyth  informs  me,  that,  when  cruizing  in  the 
Cornwallis  amidst  the  Philippine  Islands,  he  has  more  than  once  seen, 
after  those  dreadful  hurricanes  called  typhoons,  floating  masses  of 
wood,  with  trees  growing  upon  them ;  and  ships  have  sometimes  been 
in  imminent  peril,  as  often  as  these  islands  were  mistaken  for  terra 
flrma,  when,  in  fact,  they  were  in  rapid  motion. 

It  is  highly  interesting  to  trace,  in  imagination,  the  efiects  of  the 
passage  of  these  rafts  from  the  mouth  of  a  large  river  to  some  archi- 
pelago, such  as  those  in  the  South  Pacific,  raised  from  the  deep,  in 
comparatively  modern  times,  by  the  operations  of  the  volcano  and  the 
earthquake,  and  the  joint  labours  of  coral  animals  and  testacea.  If  a 
storm  arise,  and  the  frail  vessel  be  wrecked,  still  many  a  bird  and 
insect  may  succeed  in  gaining,  by  flight,  some  island  of  the  newly 
formed  group,  while  the  seeds  and  berries  of  herbs  and  shrubs,  which 
fall  into  the  waves,  may  be  thrown  upon  the  strand.  But  if  the  sur- 
face of  the  deep  be  calm,  and  the  rafts  are  carried  along  by  a  current, 
or  wafted  by  some  slight  breath  of  air  fanning  the  foliage  of  the 
green  trees,  it  may  arrive,  after  a  passage  of  several  weeks,  at  the 

^  Spix  and  Martitu,  Reise,  &C.,  toL  iii  ragnay,  p.  220. 
pp.  1011.  1013.  X  United  Service  Journal,  So,  xzir. 

t  Sir   W.   IViah'fl    Bnenos    Ayves,  p.  697. 
pi  187.,  and  Robertson's  Letters  on  Pa- 
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bny  of  an  ialnncl,  into  which  its  plants  and  animals  tnny  be  pounJ 
88  from  an  ark,  and  thus  a  colony  of  aeveral  hundrctl  new  spedtd  i 
at  once  be  naturalized. 

The  reader  should  be  reminded,  that  I  merely  ailrcrt  la  tb 
transportation  of  th^sc  rafts  as  of  extremely  raro  tmd 
occurrence  ;  but  it  may  account,  in  tropical  countries,  for  soow  of  tk 
rare  exceptions  to  the  general  law  of  the  confined  ranpi  of  i 
ferous  species. 

Mlgrationt  of  the  Celacea.  —  Many  of  the  Cetaoeit,  the  wbab  i 
the  northern  seas  for  example,  are  found  to  desert  one  trwt  of* 
sea,  and  to  visit  another  very  distant,  nhca  they  are  urged  bt  aM 
of  food,  or  d&nger.  The  seal*  also  retire  from  the  coast  of  fTnii^ 
in  July,  return  again  in  September,  and  depart  again  in  Hm^k 
return  in  June.  They  proceed  in  great  droves  northwsrds,  dirMi^ 
their  course  where  the  sea  is  most  free  from  ice,  and  ar*  ohsentA  M 
be  extremely  fat  when  they  set  out  oo  this  expedition,  and  verr  bu 
when  they  come  home  again." 

Speciei)  of  the  Mediterranean,  Black  Sea,  and  Catpiam  id> 
— Some  naturalists  hnve  wondered  that  the  sea-cnlves,  dolphii 
other  marine  mammalia  of  the  Mediterranean  and  BUrJt  Sea, 
be  identical  with  those  found  in  the  C&spian ;  and  amoog 
fanciful  theoriei",  they  have  suggested  that  they  may  dive  timrf^ 
SLiblerrane^n  conduits,  nnd  thus  pass  from  one  sea  into  the  mImk 
But  as  the  occurrence  of  wolves  and  other  noxious  anitaal! 
sides  of  the  British  Channel,  was  adduced,  by  Verslefan  and  D» 
marest,  as  one  of  many  arguments  to  prove  that  Eagland  and  Fm* 
were  once  united  ;  so  the  correspondence  of  the  aquatic  epeciMf>f  i 
inland  seas  of  Asia  with  those  of  the  Black  Sea  tends  to  conGm  fe 
hypothesis,  for  which  there  are  abundance  of  independent 
data,  that  those  seas  were  connected  together  by  straits  at 
period  of  the  earth'a  history. 

Geographical  Distribution  and  Migrations  of  Sirtlt. 
1  shall  now  offer  a  few  observations  on  some  of  the  other  diri^ 
of  the  animal  kingdom.  Birds,  notwithstanding  their  great  1^ 
motive  powers,  form  no  exception  to  the  general  rules  aim^v  kl 
down ;  but,  in  this  class,  as  in  plants  and  terrestrial  quftrlrap<<il  1^ 
ferent  groups  of  species  are  circumscribed  within  dc6nite  limits.  *• 
find,  for  example,  one  assemblage  in  the  Brazils,  another  in  tbe  ^ 
latitudes  in  Central  Africa,  another  in  India,  nnd  a  fourth  in  5* 
Holland.  Of  twenty-six  different  species  of  land  birds  fonnd  ia  * 
Galapagos  archipelago,  all,  with  the  exception  of  one,  are  (tL'^iLaa 
those  inhabiting  other  parts  of  the  globe  +;  and  in  other  archipdi^] 
a  single  island  sometimes  contains  a  species  found  in  do  aibatf^i 
the  whole  earth;  as  is  exemplified  in  some  of  the  parrot  tril«{ 
In  this  extensive  family,  which  are,  with  few  exceptions. 
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'opical  regions,  the  American  group  has  not  one  in  common  with' 
African,  nor  either  of  these  with  the  parrots  of  India.* 
nether  illustration  is  afforded  by  that  minute  and  beautiful  tribe, 
humming-birds.  The  whole  of  them  are,  in  the  first  place, 
iliar  to  the  new  world ;  but  some  species  are  confined  to  Mexico, 
le  others  exist  only  in  some  of  the  West  India  Islands,  and  have 
been  found  elsewhere  in  the  western  hemisphere.  Yet  there  are 
lies  of  this  family  which  have  a  vast  range,  as  the  Trochilus 
tmifrons  (or  MellUuga  Kingii\  which  is  found  over  a  space  of 

0  miles  on  the  west  coast  of  South  America,  from  the  hot  dry 
ntry  of  Lima  to  the  humid  forests  of  Tierra  del  Fuego.  Captain 
g,  during  his  survey  in  the  years  1826-30,  found  this  bird  at 
Straits  of  Magellan,  in  the  month  of  May — the  depth  of  winter 
ucking  the  flowers  of  a  large  species  of  fuchsia,  then  in  bloom,  in 
midst  of  a  shower  of  snow. 

i'he  ornithology  of  our  own  country  affords  one  well-known  and 
king  exemplification  of  the  law  of  a  limited  specific  range ;  for  the 
imon  grouse  (  Tetrao  scoticus)  occurs  nowhere  in  the  known  world 
ept  in  the  British  isles. 

lome  species  of  the  vulture  tribe  are  said  to  be  cosmopolites ;  and 
common  wild  goose  {Aruu  anser,  Linn.),  if  we  may  believe  some 
ithologists,  is  a  general  inhabitant  of  the  globe,  being  met  with 
n  Lapland  to  the  Cape  of  Good  Hope,  frequent  in  Arabia,  Persia, 
na,  and  Japan,  and  in  the  American  continent  from  Hudson's  Bay 
South  Carolina.t  An  extraordinary  range  has  also  been  attributed 
he  nightingale,  which  extends  from  western  Europe  to  Persia,  and 

1  farther.  In  a  work  entitled  Specchio  Comparativo^,  by  Charles 
laparte,  many  species  of  birds  are  enumerated  as  common  to  Rome 

I  Philadelphia :  the  greater  part  of  these  are  migratory,  but  some  , 
them,  such  as  the  long-eared  owl  {Strix  otus)  are  permanent  in 
h  countries.  The  correspondence  of  the  ornithological  fauna  of 
eastern  and  western  hemispheres  increases  considerably,  as  might 
re  been  anticipated,  in  high  northern  latitudes.§ 
Their  facilities  of  diffusion. — In  parallel  zones  of  the  northern 
I  southern  hemispheres,  a  great  general  correspondence  of  form  is 
ervable,  both  in  the  aquatic  and  terrestrial  birds ;  but  there  is 
ely  any  specific  identity :  and  this  phenomenon  is  truly  remark- 
By  when  we  recollect  the  readiness  with  which  some  birds,  not 
^  with  great  powers  of  flight,  shift  their  quarters  to  different 
ions,  and  the  facility  with  which  others,  possessing  great  strength 
wing,  perform  their  aerial  voyage.  Some  migrate  periodically 
01  high  latitudes,  to  avoid  the  cold  of  winter,  and  the  accompani- 
Dts  of  cold, — scarcity  of  insects  and  v^etable  food  ;  others,  it  is 
3,  for  some  particular  kinds  of  nutriment  required  for  rearing 
ir  young :   for  this  purpose,  they  often  traverse  the  ocean  for 

Frichard,  yoL  L  p.  47.  |  FSm,  18S7  (not  sold). 

Bewick's  Birds,  toL  il  p.  294.,  who        §  Bachman,  SilUman's  Amer.  JonriLr 
i  Latham.  Na  61.  p^  92. 
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thousaods  of  miles,    and   recrosa   it   at  otiier   pertodnt    wMi  m^ 
Bccurily. 

Periodical  raigmtions,  no  leaa  regular,  are  mentioned  by  HbmI 
of  many  American  wuter-fowl,  from  on«  part  of  the  Irujik*  tcm 
n  a  zone  wliere  there  is  llie  same  temperature  ihrnngboBl  tfat 
Immense  flights  of  ducks  leave  the  valiey  oC  th«  Orinoco,  wIho  It 
increasing  depth  of  ita  waters  and  the  flooding  of  iL«  tbores  ]n<M 
them  from  catching  fleh,  insects,  and  aquatic  worms.  TVr 
boluke  ihuinMlTes  to  the  Rio  Negro  and  Amazon,  bavins  riaiM< 
tlie  eighth  and  third  degrees  of  nortb  latitude  to  the  fint  and  Ei 
of  south  latitude,  directing  their  course  Mmtfa-suatb-caaL  1b 
tcmber,  when  the  Orinoco  decreases  and  re-enters  its  cbaoaei,  i 
birds  return  northvards.* 

The  insectivorous  swallows  wliicb  visit  our  island  would  p 
during  winter,  if  they  did  not  annually  repair  to  m^naer  rlin^  I 
is  supposed  that  iu  these  ai^rial  excursions  tbc  nvvnigq  njAfi 
their  flight  is  not  less  than  Afty  miles  an  hour ;  so  ttint,  wbta  M 
by  the  wind,  tliey  soon  reach  warmer  latitudes.  KpalUnnw  (M 
lated  that  the  swallow  can  fly  at  tbe  rate  of  nioeiy-two  tnibsM 
and  conceired  that  the  rapidity  of  the  swift  might  ba  tknt  ' 
greater.t  The  rate  of  flight  of  tlie  eider  duck  (Amu  motlkm 
said  to  be  ninety  miles  an  hour ;  and  Uachman  aays  that  lb*  i 
wild  pigepn  {Columba  migratoria),  and  several  species  of  wiUiiA 
in  North  America,  fly  at  the  mle  of  forty  miles  an  bour,  a  aeaifi 
thousand  miles  in  twenty-four  bours.J 

WLen  we  reflect  bow  easily  different  species,  in  ■  gtwl  hp^ 
ages,  may  be  each  overtaken  by  gales  and  hurricanes,  and,  afaai 
themselves  to  the  tempest,  be  scattered  at  random  thronch 
regions  of  the  earth's  surface,  whore  the  tein]>eratur«  of  tk 
sphere,  the  vegetation,  and  the  animal  productions,  migbt  b* 
to  their  wants,  we  shall  be  prepared  to  find  some  speci«s 

distributed,  and  to  be  sometimes  unable  to  determine  tbe  i_„., 

tries  of  each.     Captain  t^mylh  informs  me,  that,  when  eonR^sto 

survey  of  the  Mediterranean,  he  encountered  a  "ale  in  tbc  Gtf  ^ 

Lyons,  nt  the  distance  of  between  twenty  and  Ibirtr 

coast  of  France,  which  bore  along  many  land  birds  o 

some  of  which  alighted  on  tho  ship,  while  otbers  w 

violence  ogainat  the  sails.     Iu  tbis  manner  islands 

by  species  of  birds  inhabiting  the  nearest  mainland. 

Grographical  Dittribulion  and  Diuemination  of  Rtm^ 

A  few  facta  respecting  tbe  third  great  class  of  veru^-akrf 
will  suffice  to  show  that  the  plan  of  nature  in  regMd  lo  ii«- 
on  the  globe  ia  perfectly  analogous  to  that  alrrwiv  >^— H 
other  parts  of  tbe  organic  creation,  and  has  probabiyb***  mm 
by  similar  causes. 

>  Vnjagf  Hux  Bigioiu  Eqninoxialcs, 
tome  tU.  p.  M9. 
f  fiunung,  I^liL  TjxL,  toL  il  p,  43. 
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HabitaHons  of  reptiles, — Of  the  great  saurians,  the  gavials  which 
inhabit  the  Ganges  differ  from  the  cayman  of  America,  or  the 
crocodile  of  the  Nile.  The  monitor  of  New  Holland  is  specificallj 
distinct  from  the  Indian  species ;  these  latter,  again,  from  the  African, 
and  all  from  their  congeners  in  the  new  world*  So  in  regard  to 
snakes ;  we  find  the  boa  of  America  represented  by  the  python,  a 
different  though  nearly  allied  genus  in  India.  America  is  the  country 
of  the  rattlesnake ;  Africa,  <^  the  cerastes  ;  and  Asia,  of  the  hooded 
snake,  or  cobra  di  capello.  The  amphibious  genera  Siren  and 
Menopoma  belong  to  North  America,  possessing  both  lungs  and  gills, 
and  respiring  at  pleasure  either  air  or  water.  The  only  analogous 
animal  of  the  old  world  is  the  Proteus  anguinns  of  the  lakes  of 
Lfower  Camiola,  and  the  grotto  of  Adelsberg  between  Trieste  aild 
Vienna.* 

There  is  a  legend  that  St.  Patrick  expelled  all  reptiles  fiom  Ireland ; 
and  certain  it  is  that  none  of  the  three  species  of  snakes  common  in 
England,  nor  the  toad,  have  been  observed  there  by  naturalists. 
They  have  our  common  frog,  and  our  water-newt,  and  according  to 
Ray  (Quad.  264.),  the  green  lizard  {Lacerta  viridis). 

Miff  rations  of  the  larger  reptiles. — The  range  of  the  large*  reptiles 
is,  in  general,  quite  as  limited  as  that  of  some  orders  of  the  terrestrial 
mammalia.  The  great  saurians  sometimes  cross  a  considerable  tract 
|n  order  to  pass  from  one  river  to  another ;  but  their  motions  by  land 
are  generally  slower  than  those  of  quadrupeds.  By  water,  however, 
they  may  transport  themselves  to  distant  situations  more  easily.  The 
larger  alligator  of  the  Ganges  sometimes  descends  beyond  the 
Inrackish  water  of  the  delta  into  the  sea  ;  and  in  such  cases  it  might 
chance  to  be  drifted  away  by  fL  current,  and  survive  till  it  reached  a 
shore  at  some  distance  ;  but  such  casualties  are  probably  very  rare. 

Turtles  migrate  in  large  droves  from  one  part  of  the  ocean  to 
another  during  the  ovipositing  season;  and  they  find  their  way 
annually  to  the  island  of  Ascension,  from  which  the  nearest  land  is 
about  800  miles  distant  Dr.  Fleming  mentions,  that  an  individual 
af  the  hawk's  bill  turtle  (^CheUmia  imbrieata\  so  common  in  the 
American  seas,  has  been  taken  at  Papa  Stour,  one  of  the  West  Zetland 
Islands f;  and,  according  to  Sibbald,  ''the  same  animal  came  into 
Orkney."  Another  was  taken,  in  1774,  in  the  Severn,  according  to 
Torton.  Two  instances,  also^  of  the  occurrence  of  the  leathern  tortoise 
(C  eoriacea\  on  the  coast  of  Cornwall,  in  1756,  are  mentioned  by 
Borlase.  These  animals  of  more  southern  seas  can  be  considered  only 
is  stragglers  attracted  to  our  shores  during  uncommonly  warm  seasons 
bgr  an  abundant'supply  of  food,  or  carried  by  the  Gulf  stream,  or  driven 
tj  storms  to  high  latitudes. 

;  Some  of  the  smaller  reptiles  lay  their  eggs  on  aquaUe  plants ;  and 
these  must  often  be  borne  rapidly  by  rivers,  and  conveyed  to  distant 
fClgions  in  a  manner  similar  to  the  dispersion  of  seeds  before  adverted 
|0b    But  that  the  larger  ophidians  may  be  themselves  transported 

•   *  Eichardson, Bit.  Assoc  Bq>.,toLv.        f  Brit  Animalft,  pi  \4A^  who  ci\«^ 
f,  S03.  Sibbald. 
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across  the  seas,  is  evident  froDi  the  following  most  interesting  mm* 
of  the  arriTal  of  one  at  the  island  of  St.  Vincent.  Ii  ia  wonkli 
being  recorded,  says  Mr.  Guilding,  "that  a  noble  apectmen  of  k 
Bon  eoiutrielor  was  lately  conveyed  to  ua  by  the  currents,  I 
round  the  trunk  of  a  large  sound  cediir  tree,  which  had  prolwblfhl 
washed  out  of  the  bank  by  the  floods  of  some  great  Sooth  Aa 
river,  while  its  huge  folds  hung  on  tbe  branches,  as  it  waitol  ftrh 
prey.  The  monster  was  fortunately  destroyed  af^cr  killing  a  1* 
sheep,  and  his  skeleton  now  hangs  before  me  in  my  study,  psttiif  ■ 
in  mind  how  mueh  reason  I  might  Lave  had  to  fear  in  myfaDM 
rambles  through  the  forests  of  St.  Vincent,  had  thts  formidabte  nflli 
been  a  pregnant  female,  and  escaped  to  a  safe  retreat."" 


i 
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Oeographicat  distribation  and  mipiathma  of  Fiih  —  of  Teatacn of  Zevfkp*- 

Ditlributiun  of  IdsbcU — Migracoiy  insdncu  of  some  ipec»» Cwtsi  vf 

characlerua  purticutBT  counlriva  —  Their  mcaiu  o(  iliwrminHtJon C.H]i|t»^ 

ilislribalioa  and  diffusian  of  man — SjiecDlalioiu  ai  to  the  hiith-plw*  id  i> 
haman  species  —  Progrcn  of  human  popnluion  —  Drifting  of  caaoa  M  M 
distances  —  On  tbe  involnntarj  influence  of  man  io  cxtencUiig  iIm  i  iiiiii  irfT 
other  ipedes^ 

Geographieal  Distribution  and  Atiffrations  of  Fiik, 

ALTtiouGii  we  are  less  ncquainted  with  the  habitatiocu  of  Bci* 
animab  than  with  the  grouping  of  the  terrestrial  species  farto 
described,  yet  it  is  well  ascertained  that  their  distribtitioo  is  gtnV*' 
by  tbe  same  general  laws.  Tbe  testimony  borne  by  MU.  pimMt 
Lesueur  to  this  important  fact  is  remarkably  strong.  These  Mt^ 
naturalists,  after  collecting  and  describing  many  tbouaand  SBedtt'i 
marineanimals  which  they  brought  to  Europe  from  the  ooathetnk^^ 
sphere,  insist  most  emphatically  on  their  distinctness  bom  tboaeMiA 
of  the  equator  ;  and  this  remark  they  extend  to  '"'"^tf  of  ■&  dMK 
from  those  of  a  more  simple  to  those  of  a  more  complex  otyaBisati'*" 
from  the  Sponges  and  Medussa  to  the  Cetacea.  "AAoog  all  A^ 
which  we  have  been  uble  to  examine,"  say  tliey,  "with  oar  own  T* 
or  with  regard  to  which  it  has  appeared  to  us  poanble  to  proM^ 
with  certainty,  there  is  not  a  single  animal  of  the  soathen  r^i'* 
which  in  not  distingoiahed  by  essential  characteis  &om  iha 
species  in  the  northern  sea8."'t' 

On  comparing  the  freshwater  fish  of  Eort^  and  Nortk 

•  ZooL  Joom.  ToL  iiL  p.  406.     Dec     Hario*. — Aai , 
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Sir  John  Richardson  remarks,  that  the  onlj  spedea  which  is  im«> 
quiTocall^r  common  to  the  two  continentB  ia  the  pike  {£tox  /wciu*); 
and  it  ia  curious  that  this  fish  ia  unknown  to  the  westward  of  tfaa 
Bocky  Mountains,  the  very  coast  which  approaches  nearest  to  the  old 
continent.*  According  to  the  same  author  the  genera  of  freshwater 
fish  in  China  agree  closely  with  those  of  the  peninsula  of  India,  but 
the  species  are  not  the  same.  "Aa  in  the  distribution," he  adds,  "of 
marine  fish,  the  interposition  of  a  continent  Btretching  from  the 
tropics  far  into  the  temperate  or  colder  parts  of  the  ocean,  separate 
different  icthjological  groups ;  so  with  respect  to  the  freshwater 
species,  the  intrusion  of  arms  of  the  sea  mnning  far  to  the  northwards, 
or  the  interposition  of  a  lof^  monntain>chaio,  effects  the  same  thing. 
The  freshwater  fish  of  the  Cape  of  Good  Hope  and  the  SouUt 
American  ones,  are  different  from  those  of  India  and  China,  S[C."t 

CuTier  and  Valenciennes,  in  their  "  Histoire  dea  Poissons,"  observe, 
that  very  few  species  of  fish  cross  the  Atlantic.  Although  their 
statement  is  correct,  it  is  found  that  a  great  many  species  are  common 
to  the  opposite  sides  of  the  Indian  Ocean,  inhabiting  alike  the  Red 
Sea,  the  eastern  coast  of  Africa,  Madagascar,  the  Mauritins,  the 
Indian  Ocean,  the  southern  seas  of  China,  the  Malay  archipelago, 
the  northern  coasts  of  Australia,  and  the  whole  of  Polynesia  I  %  Thia 
very  wide  diffusion,  says  Sir  J.  Richardson,  may  have  been  promoted 
by  chains  of  islands  mnning  east  and  west,  which  are  wanting  in 
the  deep  Atlantic.  An  archipelago  extending  far  in  longitude, 
favours  the  migration  of  fish  by  multiplying  the  places  of  deposit 
for  spawn  along  the  shores  of  islands,  and  on  intervening  coral 
banks ;  and  in  such  places,  also,  fish  find  their  appropriate  food. 

The  flying  fisb  are  found  (some  stragglera  excepted)  only  between 
the  tropics :  in  receding  from  the  line,  they  never  approach  a  higher 
latitude  than  the  fortieth  paralleL  The  course  of  the  Gulf  stream, 
however,  and  the  warmth  of  its  water,  enable  some  tropical  fish  to 
extend  their  habitationB  far  into  the  temperate  xone ;  thus  the 
chietodona  which  abound  in  the  aeaa  of  hot  climates,  are  found  among 
the  Bermudas  on  the  thirty-second  parallel,  where  they  are  preserved 
in  basins  inclosed  from  the  aeo,  as  on  important  article  of  food  for 
the  garrison  and  inhabitants.  Other  fish,  following  the  direction  of 
the  same  great  current,  range  from  the  coast  of  Brazil  to  the  banks 
of  Newfoundland.§ 

All  are  aware  that  there  are  certain  fish  of  paaaage  which  have 
their  periodical  migrations,  like  some  tribes  of  birds.  The  salmon, 
towards  the  season  of  spawning,  ascends  the  riven  for  hundreds  of 
miles,  leaping  up  the  cataracts  which  it  meets  in  its  course,  and  then 
retreats  again  into  the  deptha  of  the  ocean.  The  herring  and  the 
haddock,  after  frequenting  certain  shores,  in  vaat  shoals,  for  a  series 
of  years,  desert  them  again,  and  resort  to  .other  stations,  followed  by 
the  species  which  prey  on  them.    Eds  are  said  to  descend  into  the 

■  Brit.  Amoc  Rcpotti,  vol.  t,  p.  103.         t  Kchardwn,  il 
t  BcpoTt  to  the  Brit  Assoc,  1845,        i  '■■-"■  ■ 
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sea  for  the  purpose  of  producing  tlreir  young,  which  are  s««ii  rstHrait 
into  the  fresb  water  by  myrinds,  extremely  small  in  mx«,  bnl  |i)MM*a( 
the  power  of  eurmtiunting  every  obstacle  which  occurs  In  the  ««■ 
of  a  river,  by  applying  tbeir  eliioy  aod  ghitiDous  bodiM  U>  the  tatia 
of  rocks,  or  tlie  gates  of  a  lock,  cveu  when  dry,  and  no  climbing  aw 
it,"  Before  the  year  1800  there  were  no  eels  In  L»ke  Wewf.* 
largest  inland  lake  in  Sweden,  which  discharges  its  wato-i  by  it 
celebrated  cataracts  of  Trolhtitian.  But  I  ftm  informed  by  Pru&^ 
NilsBon,  that  since  the  canal  was  opened  uniting  the  river  God*  *it 
the  lake  by  a  series  of  nine  locks,  each  of  great  beight,  m&  IM 
been  observed  in  abundance  in  the  lake.  It  appears,  tlierefcttv  ^ 
though  tliey  were  unable  to  ascend  the  falls,  they  bttre  made  Ih* 
way  by  the  locks,  by  which  iti  a  very  Bhort  apace  a  difference  tf  Ih^ 
of  1 14  feet  is  overcome. 

Gmelin  says,  tliaf  the  Anseres  (wild  geeee,  dudes.  Mid  ottoif 
subsit^t,  in  their  migrations,  od  the  spawn  of  fi^h ;  and  ih»t  </i» 
times,  when  tliey  void  the  spawn,  two  or  ihnte  days  afterwarii.  ita 
eggs  retain  their  vitality  nnrmpaired-'j-  When  tltere  are  bmT 
disconnected  freshwater  lakes  in  a  mountainoas  region,  at  nriat 
elevations,  each  remote  from  the  other,  it  bas  oft«n  be«H  decMi 
inconceivable  how  tbey  could  all  become  stocked  with  fish  frtim  at 
common  source  ;  bnl  it  has  been  suggested,  that  the  minute  ^jsi  ^ 
these  animals  may  sometimes  be  entangled  in  the  feathers  of  nu^ 
fowl.  These,  when  they  alight  to  wash  and  plunte  tbemaeWcs  ie  ih 
water,  may  often  unconsciously  contribute  to  propagate  swai™*  t' 
fish,  which,  in  due  season,  will  supply  them  with  food.  Some  of  * 
water-beetles,  also,  as  the  Dyticidse,  are  amphibious,  and  ia  ^ 
evening  quit  their  lakes  and  pools  ;  and,  dying  in  the  air,  tno^''^ 
the  minute  ova  of  68hes  to  distant  waters.  In  this  manner  ■■< 
naturalists  account  for  the  fry  of  fish  appearing  occa-sionally  in  i** 
pools  caused  by  heavy  rains  ;  but  the  showers  of  small  fish.  ttaiiJ  ■ 
BO  innny  accounts  to  have  fallen  from  the  atmosphere,  require  tui" 
inveaiigation. 

Geographical  DUtriliutwa  and  Migratiom  of  T'ettacro. 

The  Testacea,  of  which  so  great  a  variety  of  epeciee  occurs  i»  tl* 
aea,  are  a  class  of  animals  of  pecnliar  im|)ortanc«  lo  tbe  geolafXl 
because  their  remains  are  found  in  strata  of  all  ages,  and  g«ns*Bf 
in  a  higher  state  of  preservntiou  than  those  of  other  organic  bciap 
Climate  has  a  decided  influence  oo  the  geographical  distriboliw^ 
species  in  this  class;  but  as  there  is  much  greater  unifonniiy^ 
temperature  in  the  waters  of  the  ocean,  than  in  the  almotphOT 
which  iuvests  the  land,  the  diSuaioo  of  marine  moUuske  is  oa  ii> 
whole  more  extensive. 

Some  forma  attain  their  fullest  development  in  warm  latitaii*' 
and  are  often  exclusively  confined  to  the  torrid  KotM>,  as  Smli^ 
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Harpoy  Terebellumy  PyranddeUoj  Delpkinuloj  AspergtUum^  TVt- 
dacnOy  CucuUaa,  CrcusaUlki^  Corbisy  Pemot  and  PUcatuU^  Other 
forms  are  limited  to  one  region  of  the  sea,  as  the  Trigoma  to  ports 
of  Australia,  and  the  Conckolepas  to  the  western  eoaat  of  South 
America.  The  marine  species  inhabiting  the  ocean  on  the  opposite 
sides  of  the  narrow  isthmus  of  Panama,  are  found  to  differ  idmost 
entirely,  as  we  might  have  anticipated,  since  a  West  Indian  mollusk 
cannot  enter  the  Pacific  without  coasting  round  South  America,  and 
passing  through  the  inclement  climate  of  Cape  Horn.  The  continuity 
of  the  existing  lines  of  continent  from  north  to  south,  prevents  any 
one  species  from  belting  the  globe,  or  from  following  the  direction  of 
the  isothermal  lines. 

Currents  also  flowing  permanently  in  certain  directions,  and  the 
influx  at  certain  points  of  great  bodies  of  fresh  water,  limit  the 
extension  of  many  species.  Those  which  love  deep  water  are  arrested 
by  shoals ;  others,  fitted  for  shallow  seas,  cannot  migrate  across 
unfathomable  abysses.  The  nature  also  of  the  ground  has  an  im- 
portant influence  on  the  testaceous  fauna,  both  on  the  land  and 
beneath  the  waters.  Certain  species  prefer  a  sandy,  others  a  gravelly^ 
and  some  a  muddy  sea-bottom.  On  the  land,  limestone  is  of  all 
rocks  the  most  favourable  to  the  number  and  propagation  of  species 
of  the  genera  Helix,  Clausilia,  Bulimns,  and  others.  Professor  E. 
Forbes  has  shown  as  the  result  of  his  labours  in  dredging  in  the  .^^ean 
Sea,  that  there  are  eight  well-marked  regions  of  depth,  each  cha- 
racterized by  its  peculiar  testaceous  fauna.  The  first  of  these,  caUed 
the  littoral  zone,  extends  to  a  depth  of  two  fathoms  only ;  but  this 
narrow  belt  is  inhabited  by  more  than  one  hundred  species.  The 
second  region,  of  which  ten  fathoms  is  the  inferior  limit,  is  almost 
equally  populous;  and  a  copious  list  of  species  is  given  as  cha- 
racteristic of  each  region  down  to  the  seventh,  which  lies  between 
the  depths  of  80  and  106  fathoms,  all  the  inhabited  space  below 
this  being  included  in  the  eighth  province,  where  no  less  than  65 
species  of  Testacea  have  been  taken.  The  miyority  of  the  shells 
in  this  lowest  zone  are  white  or  transparent.  Only  two  species 
of  Mollusca  are  common  to  all  the  eight  regions,  namely,  Area  lacUa 
And  Cerithium  lima.* 

Great  range  of  some  provinces  and  species^^^Jn  Europe  con- 
chologists  distinguish  between  the  arctic  fauna,  the  southern 
iMundary  of  which  corresponds  with  the  isothermal  line  of  32°  F.,  and 
the  Celtic,  which,  commencing  with  that  limit  as  its  northern  frontier, 
extends  southwards  to  the  mouth  of  the  English  Channel  and  Cape 
Finisterre,  in  France.  From  that  point  begins  the  Lusitanian  fauna, 
which  according  to  the  recent  observations  of  Mr.  M^ Andrew  (1852), 
ranges  to  the  Canary  Islands.  The  Mediterranean  province  is 
distinct  from  all  those  above  enumerated,  although  it  has  some  species 
in  common  with  each. 

The  Indo-Paciflc  region  is  by  far  the  most  extoisive  of  alL    It 

*  Beport  to  the  Brit  Anoe.  184S,  p.  180. 
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reaches  Trom  the  Red  Sea  and  the  eaBiera  coast  of  Africa,  to  &■ 
Indian  Archipelago,  and  adjoining  parts  of  the  I'wcific  Ocean.  I> 
th«  geologist  it  furaisheB  a  fact  of  no  email  interest,  bj  teacltiif  S 
that  one  group  of  living  species  of  molluaca  may  prevail  liiroofkM 
on  area  exceeding  in  magnitude  the  utmost  limits  we  can  m  j« 
assign  to  an/  assemblage  of  coDleiuiioraneous  foaail  spedes.  lb 
Cuming  obtained  more  tbaa  a  hundred  species  of  sbelU  from  ll* 
eastern  coast  of  Africa  identical  wilU  those  coUecled  by  faimadf* 
the  Philippines  and  in  the  eastern  coral  islands  of  ike  Pactfie  Oo^ 
a  distance  equal  to  ibat  from  pole  to  pule.* 

Certain  species  of  the  genua  lanlhina  have  a  Tcrjr  wide  nip 
being  common  to  seas  north  and  south  of  the  equator.  Tbey  anil 
provided  with  a  beautifuUj  contrived  float,  which  rnnditra  lis 
buoyant,  facilitating  their  dispersion,  and  enabling  tfavn  to  banai 
active  agents  in  disseminating  other  species.  Captain  Kingtoiki 
specimen  of  lanlhina  fragilu,  alive,  a  little  north  of  llw  cquaw,* 
loaded  with  barnacles  (Pentelatmi*)  and  their  ova  that  the  ayf^ 
part  of  its  shell  was  invisible.  The  "Rock  Whelk"  <A7«« 
lapillui),  a  well-known  British  univalve,  inbobita  both  the  Nortk  It 
lantic  and  North  Pacific. 

Helix  puiri*  (Suecinea  putrvt,  Lam.),  to  common  in  Eavfa 
where  it  reaches  from  Norway  to  Italy,  is  abo  said  to  occur  in  ^ 
United  States,  and  in  Newfoundland.  As  ttiis  animal  inLiba 
constantly  the  borders  of  pools  ond  streams  where  ihcre  i$  aoA 
moisture,  it  is  not  impossible  that  dlRcrent  water-fowl  have  beta'.^ 
agents  of  spreading  £ome  of  its  minute  eggs,  which  may  have  bM 
entangled  in  their  feathers.  The  freshwater  snail,  Lymnemt  paUitt^ 
so  abundant  in  English  ponds,  ranges  uninterruptedly  froca  Eanf 
to  Cashmere,  and  thence  to  the  eastern  parts  of  Asia.  Hrix*  atptr*. 
one  of  the  commonest  of  our  larger  land-shells,  is  found  in  Sl  I]di« 
and  other  distant  countries.  Some  conchologists  hare  coojefUnJ 
that  it  was  accidentally  imported  into  St.  Helena  in  aooie  iUp;liBr>> 
is  an  eatable  species,  and  these  animals  are  capable  of  reiaiiui^  tt 
during  long  voyages,  without  air  or  nourishment.-t- 

Perhups  no  species  has  a  better  claim  to  be  called  cosmopoGw  dM 
one  of  our  British  bivalves,  Saxicata  rugota.  It  is  spread  ow' 
the  north-polar  seas,  and  ranges  in  one  direction  thcoogk  Esrapa* 
Senegal,  occurring  on  both  sides  of  the  Atlantic  ;  while  in  aMt^i* 
iinds  its  way  into  the  North  PaciQc,  and  thence  to  the  ladiaa  Om* 
Nor  do  its  migrations  cease  till  it  reaches  the  AustralJaii  se^ 
A  British'  bracLiopod,  named  Terebratula  caprnt^ttrptrntit,  is  O* 

*  Qoart    Joam.    GeoL    Soc.,   1S46,  ip«c«  of  thiiteen,  one  for  ii  iiiai^  "' 

vol  ii,  p.  268.  a  (borth  for  apirardi  of  t*w^  ^B*- 

t  Four  indi'idnala  of  a  large  speciet  bat,  od  being  ezpoMd  hj  Mr.  B"^ 

ofland-Bhel)  (fiiiA'niu),  tnun  VolpanuK),  to  tbc  wanaUi  of  a  fii*  in  I  imh» 

w>^re  brimghl  to  EngUnd  bj  Lieatcnant  pfOYided  wHl)  tepid  valw  aad 

Graves,  who  occompuiied  Captain  King  they    rtvired,    and    Bvsd    tat 

in  Ills  ex|wdiiion  to  the  Strait*  of  Ma-  OMDthi  in  Mr.  L«ddisM'     '    ' 

gellui.     Thej  had  been  packed  up  in  a  acddeotolly  dnTwoed. 
box,  aai  enYelop^  in  uAtoa  t  two  for  a 
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mon,  according  to  Professor  E.  Forbes,  to  both  sides  of  the  North 
Atlantic,  and  to  the  South  African  and  Chinese  seas. 

Confined  range  of  other  species,  —  Mr.  Lowe,  in  a  memoir  pub- 
lished in  the  Cambridge  Transactions  in  1834,  enumerates  seventy- 
one  species  of  land  Mollusca,  collected  by  him  in  the  islands  of 
Madeira  and  Porto  Santo^  sixty  of  which  belonged  to  the  genus  Helix 
alone,  including  as  sub-genera  Bulimus  and  Achatina,  and  excluding 
Yitrina  and  Clausilia ;  —  forty-four  of  these  are  new.  It  is 
remarkable,  that  very  few  of  the  above-mentioned  species  are  conunon 
to  the  neighbouring  archipelago  of  the  Canaries ;  but  it  is  a  still 
more  striking  fact,  that,  of  the  sixty  species  of  the  three  genera  above 
mentioned,  thirty-one  are  natives  of  Porto  Santo ;  whereas,  in 
Madeira,  which  contains  ten  times  the  superficies,  were  found  but 
twenty-nine.  Of  these  only  four  were  common  to  the  two  islands, 
which  are  separated  by  a  distance  of  only  twelve  leagues ;  and  two 
even  of  these  four  (namely.  Helix  rhodostoma  and  H,  ventrosd)  are 
species  of  general  diffusion,  common  to  Madeira^  the  Canaries,  and 
the  south  of  Europe.* 

The  confined  range  of  these  mollusks  may  easily  be  explained,  if 
we  admit  that  species  have  only  one  birth-place;  and  the  only 
problem  to  be  solved  would  relate  to  the  exceptions  —  to  account  for 
the  dissemination  of  some  species  throughout  several  islands,  and  the 
£urop^an  continent.  May  not  the  eggs,  when  washed  into  the  sea 
by  the  undermining  of  cliffs,  or  blown  by  a  storm  from  the  land,  float 
uninjured  to  a  distant  shore? 

Their  mode  of  diffusion — Notwithstanding  the  proverbially  slow 
motion  of  snails  and  mollusks  in  general,  and  although  many  aquatic 
species  adhere  constantly  to  the  same  rock  for  their  whole  lives,  they 
are  by  no  means  destitute  of  provision  for  disseminating  themselves 
rapidly  over  a  wide  area.  ''Some  Mollusca,**  says  Professor  E. 
Forbes,  *'  migrate  in  their  larva  state,  for  all  of  them  undergo  a  meta- 
morphosis either  in  the  egg  or  out  of  the  egg.  The  Gasteropoda 
commence  life  under  the  form  of  a  small  spiral  shell,  and  an  animal 
furnished  with  ciliated  wings,  or  lobes,  like  a  pteropod,  by  means  of 
which  it  can  swim  freely,  and  in  this  form  can  migrate  with  ease 
through  the  sea.^f 

We  are  accustomed  to  associate  in  oar  minds  the  idea  of  the 
greatest  locomotive  powers  with  the  most  mature  and  perfect  state  of 
each  species  of  invertebrate  animal,  especially  when  they  undergo  a 
series  of  transformations ;  but  in  all  the  Mollusca  the  reverse  is  true. 
The  young  fry  of  the  cockle,  for  example  {Cardium)^  possess,  when 
yonng  or  in  the  larva  state,  an  apparatus  which  enables  them  both  to 
swim  and  to  be  carried  along  easily  by  a  marine  current.  (See  ^g.  99.) 

These  small  bodies  here  represented,  which  bear  a  considerable  re- 
semblance to  the,  fry  of  the  nnivalve,  or  gasteropodous  shells  above 
mentioned,  are  so  minute  at  first  as  to  be  just  visible  to  the  naked  eye. 
They  b^in  to  move  about  from  the  moment  they  are  batched,  by 

*  Camh.  FhSL  Tnmi^  vol  ir.  18S1. 
t  Edin.  New  PhiL  Jonm.  April  UU. 
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means  of  tbe  long  cilia,  a,  a,  placed  on  the  edges  of  the  locotnuUwtt 
or  velum.  Thi>  disk  shrinks  up  &3  ibcy  increaw  in  fius  and  f» 
dually  disappears,  no  trace  of  it  being  visible  in  tlie  perfect  aaioi^ 

Sense  species  of  shell-bearing  Uollusca  lay  tlieir  e^;r*  in  a  >p4^^ 
like  nidus,  wherein  the  young  remain  enveloped  foretime  aftcf  tUr 
birth ;  and  this  buoyant  eubstance  floats  for  and  wi<i«  m  raaiily  m 
sea-n-eed.  The  young  of  other  viviparous  tribes  arc  odea  btiM 
along  entiinsU-J  in  jea-woci!.  Soraclimi'?  llipy  nrc  f...  Ij-iii,  il.^i.  li\i; 
grains  of  sand,  they  can  be  easily  moved  by  currents.  Balani  ud 
Serpulffi  are  sometimes  found  adhering  to  floating  cocoa-nnts,  and 
even  to  fragments  of  pumice.  In  rivers  and  lakes,  on  the  otlia 
hand,  aquatic  univalves  usually  attach  their  eggs  to  leaves  and  akki 
which  have  fallen  into  the  water,  and  which  are  liable  to  be  smpt 
away  during  floods,  from  tributaries  to  the  main  atreuns,  and  fnm 
thence  to  all  parts  of  the  same  basins.  Particular  species  may  that 
migrate  during  one  season  from  the  head  waters  of  the  Uisussippi, 
or  any  other  great  river,  to  countries  bordering  the  sea,  at  tin 
distance  of  many  thousand  miles. 

An  illustration  of  the  mode  of  attachment  of  these  eggs  wiQ  bt 
seen  in  the  annexed  cut.  (Fig.  100.) 

The  habit  of  some  Testacea  to  adhere  to  floating  wood  is  proved  bj 
their  fixing  themselves  to  the  bottoms  of  ships.  By  thi.  moit  of 
conveyance  Mytilu*  polymorpkut.  previously  knowD  only  in  tlw 
Danube  and  Wolga,  may  have  been  brought  to  the  Commercial  Docb 
in  the  Thames,  and  to  llamburgh,  where  the  species  is  now  domiciled. 
But  Mr.  Gray  suggests  that  as  the  animal  is  known  to  have  tta 
faculty  of  living  for  a  very  long  time  out  of  water,  it  is  more  piv* 
bable  that  it  was  brought  in  Russian  timber,  than  borne  nniiyand 
through  the  salt  water  at  the  bottom  of  a  vessel,* 

A  lobster  {Attacut  marinus)  was  lately  taken  alive  covered  vilb 
living  mussels  {MytUu* tdtdu)^ ;  and  a  Urge  femala  crab  (CtMrr 
pagurut),  covered  with  oysters,  and  bearing  also  Anmmia  rpM^fim, 
and  Actinis,  was  taken  in  April,  1832,  off  the  English  coast.    Tkl 

•  Fhil.  Tran«.  183S,  p.  303. 

I  The  ep«<;im«a  u  ycMtyAVn  thaMnaenm  of  Iha  Zoti.  Sik.  of  Loadsfc 
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Fig.  1.  EsBloC/'WriUaaw.lttKhHlbildHdluriTlngiuida'waUt. 

Flg.S.  E^Drtb(coiiiaioiiLliimEut(£.Hi4iirA).idb<rlii|taadaKl>t]ckimila'iHtn'. 

ojBtera,  seven  in  number,  include  individuals  of  iiz  years'  growth 
and  the  two  largest  are  four  inches  long  and  three  iuchea  and  a  half 
broad.  Both  the  crab  and  the  oysters  were  seen  olive  by  Mr.  Robert 
Brown.* 

From  this  example  we  leam  the  manner  in  which  oysters  may  be 
diffused  over  every  part  of  the  sea  where  the  crab  wanders ;  and  if 
they  are  at  length  carried  to  a  spot  where  there  is  nothing  bnt  fine 
mud,  the  foundation  of  a  new  oyster-bank  may  be  laid  on  the  death 
of  the  crab.  In  this  instance  the  oysters  survived  the  crab  manj' 
days,  and  were  killed  at  last  only  by  long  exposure  to  the  air. 

Geographical  Dutribution  and  Migraliom  of  Zoophytei. 

Zoophytes  are  very  imperfectly  known ;  bnt  there  can  be  little 
<loubt  that  each  maritime  region  posseeses  species  peculiar  to  itself. 
The  Madrepores,  or  lamelliferons  Polypario,  are  foond  in  their  fullest 
development  only  in  the  tropical  seas  of  Polynesia  and  the  East  and 
West  Indies  ;  and  this  family  is  represented  only  by  a  few  species  in 
oar  seas.  The  zoophytes  of  the  Mediterranean,  according  to  Ehren- 
bei^,  differ  almost  eniirely  from  those  of  the  Bed  Sea,  although  only 
■eventy  miles  distant.  Out  of  120  species  of  Anthoaoa,  only  two  are 
common  to  both  seas.^     F^ron  and  Lesuenr,  after  stndying  the  Holo- 

*  This  specimen  u  in  the  coUectkia  of  uuinsllj,  withont  limiting  tlio  mosMne 

mj  friend  Mr.  Broderip,  who  obaerrca,  period  to  the  early  (tage*  of  the  growth 

thiit  this  crab,  which  was  apparenl];  in  of  the  uniin*], 

perfect  health,  could  not  haTe  cut  her        f  Quart  JomiL  Qeol.  Soc,  toL  ir. 

shell  Tor  dx  jean,  wbereaa  aome  natn-  p.  336. 
Toliits  liSTe  Mated  that  thflipedcamoulu 
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thDriie,H€tlus(e,  and  other  congeners  or  delicate  and  changeablafara^ 
came  to  the  coDclusion  that  each  kind  has  ita  place  of  rcsideitoa  it 
termined  bj  the  tempemture  neces&arj  to  support  iU  oxiiiaM 
Thue,  for  example,  they  found  the  abtMle  of  Pyrotoma  i1  ftamtitM  B 
be  conlined  la  one  particular  region  of  the  Atlantic  Ocean.* 

Let  us  DOW  inquire  how  the  trnnsportation  of  Zoophjtes  frOM  Mi 
put  of  the  globe  to  ouolher  is  eSTecled.  Many  of  thinn,  ba  in  t)M  b- 
milies  FluBtra  and  Sertularia,  attach  themselves  to  sea-ire«d,  uiJlft 
occasionally  drined  along  with  it.  SUny  fix  themsolveA  to  tbe  ihA 
of  MoUusca,  and  are  thus  borne  along  by  them  to  abort  diitaivM 
Others,  like  some  species  of  sea-pens,  doat  about  iu  lh«  ocean,  lai 
are  usually  belicTed  to  possess  powers  of  spontaneous  motion.  Bat 
the  moat  frequent  mode  of  transportation  consists  in  the  buoyaitejif 
their  eggs,  or  certain  small  vesicles,  which  are  detached,  and  in 
capable  of  becoming  the  foundation  of  a  new  colony.  TbcM  gea^ 
as  they  are  called,  have,  in  many  instances,  a  locomottre  foment 
tbeir  owD,  by  which  they  proceed  in  a  determinate  dircetiaa  Ik 
several  days  after  separation  from  the  parent.  Thej  nrc  pn)p*M 
by  mesn^  of  numerous  short  threads  or  eiltit,  wlucli  «re  id  imiiitirt 
and  rapid  vibration  i  and,  when  ihas  supported  in  the  water,  tb^ 
may  be  borne  along  by  currents  to  a  great  distance. 

That  some  zoophytes  adhere  to  floating  bodies,  la  proved  by  that 
being  found  attached  to  the  bottoms  of  ships,  like  certain  Te««(» 
before  alluded  to. 

Ceogruphical  DistriSiutioii  and  Migratium  of'  IiuicU. 

Before  I  conclude  this  sketch  of  the  manner  in  which  the  habitabit 
parts  of  the  earth  are  shared  out  amoug  particular  assembUgt*  of 
organic  beings,  I  must  offer  a  few  remarks  on  insects,  which,  by  tbeir 
numbers  and  the  variety  of  their  powers  and  instincts,  exert  a  pw- 
digious  influence  in  the  economy  of  animate  nature.  As  a  Ivft 
portion  of  these  minute  creatures  are  strictly  dependent  for  tbeir 
subsistence  on  certain  species  of  vegetables,  the  entomological  pro- 
vinces must  coincide  in  a  considerable  degree  with  the  botanical 

All  the  insects,  says  Latreille,  brought  from  the  eastern  parts  cf 
Asia  and  China,  whatever  be  their  latitude  and  temper«tar«',  uJ 
distinct  from  those  of  Europe  and  of  Africa.  The  inaects  of  tba 
United  States,  although  often  approaching  very  close  to  oar  ova. 
are,  with  very  few  exceptions,  specifically  distinguishable  bj  torn 
characters.  In  South  America,  the  equinoctial  lands  of  New  GraBada 
and  Peru  on  the  one  aide,  and  of  Guiana  on  the  other,  contain  for  lbs 
most  part  distinct  groups;  the  Andes  forming  the  diTisicm,  ttH 
interposing  a  narrow  line  of  severe  cold  betweea  dimatea  otfaerwiM 
very  similar.t 

Migratory  instincts.  —  Nearly  all  the  insects  of  the  United  Stattt 

•  Toy,  aux  Terns  All»tralc^  lom.  i. 
p.  49!. 
^  Geopmphie  Q^nerale  des  Insectes 
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and  Canada,  differ  specifically  from  the  European;  while  those  of 
Greenland  appear  to  be  in  a  great  measure  identical  with  our  own. 
Some  insects  are  very  local ;  while  a  few,  on  the  contrary,  are  com- 
mon to  remote  countries,  between  which  the  torrid  zone  and  the 
ocean  intervene.  Thus  our  painted  lady  butterfly  (  Vanessa  eardut) 
re-appears  at  the  Cape  of  Good  Hope  and  in  New  Holland  and 
Japan  with  scarcely  a  varying  streak.*  The  same  species  is  said  to 
be  one  of  the  few  insects  which  are  universally  dispersed  over  the 
earth,  being  found  in  Europe,  Asia,  Africa,  and  America ;  and  its 
wide  range  is  the  more  interesting,  because  it  seems  explained  by  its 
migratory  instinct,  seconded,  no  doubt,  by  a  capacity,  enjoyed  by  few 
species,  of  enduring  a  great  diversity  of  temperature. 

A  vast  swarm  of  this  species,  forming  a  column  from  ten  to 
fifteen  feet  broad,  was,  a  few  years  since,  observed  in  the  Canton  de 
Yaud ;  they  traversed  the  country  with  great  rapidity  from  north  to 
south,  all  flying  onwards  in  regular  order,  close  together,  and  not 
turning  from  their  course  on  the  approach  of  other  objects.  Pro- 
fessor Bonelli,  of  Turin,  observed,  in  March  of  the  same  year,  a 
similar  swarm  of  the  same  species,  also  directing  their  flight  from 
north  to  south,  in  Piedmont,  in  such  immense  numbers  that  at  night 
the  flowers  were  literally  covered  with  them.  They  had  been  traced 
from  Coni,  Raconi,  Susa,  &c.  A  similar  flight  at  the  end  of  the 
last  century  is  recorded  by  M.  Louch,  in  the  Memoirs  of  the 
Academy  of  Turin.  The  fact  is  the  more  worthy  of  notice,  because 
the  caterpillars  of  this  butterfly  are  not  gregarious,  but  solitary  from 
the  moment  that  they  are  hatched ;  and  this  instinct  remains  dormant, 
while  generation  after  generation  passes  away,  till  it  suddenly  dis- 
plays itself  in  full  energy  when  their  numbers  happen  to  be  in 
excess. 

Not  only  peculiar  species,  but  certain  types,  distinguish  particular 
countries;  and  there  are  groups,  observes  Kirby,  which  represent 
each  other  in  distant  regions,  whether  in  their  form,  their  functions, 
or  in  both.  Thus  the  honey  and  wax  of  Europe,  Asia,  and  Africa, 
are  in  each  case  prepared  by  bees  congenerous  with  our  common 
hive-bee  {Apis,  Latr.) ;  while,  in  America,  this  genus  is  nowhere 
indigenous,  but  is  replaced  by  Melipona,  Trigona,  and  Euglossa; 
and  in  New  Holland  by  a  still  difierent  but  undescribed  typcf 
The  European  bee  {Apis  meUifica\  although  not  a  native  of  the 
new  world,  is  now  established  both  in  North  and  South  America. 
It  was  introduced  into  the  United  States  by  some  of  the  early 
settlers^  and  has  since  overspread  the  vast  forests  of  the  interior, 
building  hives  in  the  decayed  trunks  of  trees.  ^^  The  Indians,'*  says 
Irving,  ^'consider  them  as  the  harbinger  of  the  white  man,  as  the 
buffalo  is  of  the  red  man,  and  say  that  in  proportion  as  the  bee 
advances  the  Indian  and  the  buffalo  retire.  It  is  said,"  continues 
the  same  writer,  <<  that  the  wild  bee  is  seldom  to  be  met  with  at  any 

*  Kirbj  and  Spence,  vol  iv.  p.  4S7.;        f  Kirby  and  Spence,  toL  iy.  p.  497. 
and  other  authors. 
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great  dutanoe  from  the  frontier,  and  that  they  have  Blmfa  been 
heralds  of  eiTitizatioR,  preceding  it  as  )t  adranced  from  the 
borders.  Some  of  the  ancient  settlers  of  the  west  even  prcttad  i 
give  tlie  Ter^yearwhen  the  honey-bee  first  crossed  tlis  Hieai^ffiA 
The  same  species  is  sow  also  DatiiraltEed  in  V&ii  Dicmeii's  Lead  ti 
Hevi  Zealand. 

As  ahnost  all  insects  ore  winged,  thej  con  readilj  spread  lho« 
selves  wherever  their  progress  is  noi  opposed  hy  ancougeiUal  tUwm 
or  by  seas,  mountains,  and  other  physical  impediments  ;  mwi  ih 
barriers  they  can  sometiioes  surmount  by  abandooinK  ')"''»—'"' 
violent  winds,  whicli,  as  I  before  stated,  when  epeaJtin^  o(  ibi  i 
persion  of  seeds  (p. 618.).  may  in  a  few  hours  carry  them  lo  9cric» 
siderable  distances.  On  the  Andes  some  spbinxea  anil  flic*  baft  bM 
observed  by  Humboldt,  at  the  height  of  I9,180  feet  nbore  lb  n 
and  which  appeared  to  bim  to  have  been  involuntarily  ^mied  iri) 
these  regions  by  ascending  currents  of  air.  f 

Wliite  mentions  a  remarkable  shower  of  aphides  which  sc<h  ti 
have  emigrated,  with  an  east  wind,  from  the  great  bop  planutM* 
of  Kent  and  Sussex,  and  blackened  the  shrubs  and  vegetables  wi^ 
they  alighted  at  Selborne,  spreading  at  the  same  licoe  in  great  daaJl  i 
all  along  tlie  vale  from  Farnham  to  Alton.  These  apluiln  «* 
sometimes  accompanied  by  vast  nnmbers  of  the  commou  UdT-brl 
{Coccinella  stplempunctatit\  which  feed  upon  them.  J 

It  is  remarkable,  aays  Kirhy,  that  many  of  the  insects  whici  m 
ocasionally  observed  to  emigrate,  as,  for  instance,  the  Libelluk;.  C«- 
cinelhe,  Carabi,  Cicad^  &c.  are  not  usually  social  iasects;  bat  m* 
to  congregate,  like  swallows,  merely  for  the  purpose  of  einignw»( 
Here,  therefore,  wp  have  an  example  of  an  instinct  developlit;  io^ 
on  certain  rare  cmergimcies,  ciiusiiig  unsocial  species  to  becotw;  f"" 
garious  and  to  venture  sometime*  even  to  cross  live  ocean. 

The  armies  of  locusts  which  darken  the  nir  in  Africa  and  travoB 
the  globe  from  Turkey  to  our  southern  counties  in  England,  in  ^ 
known  to  all.  When  the  western  galea  sweep  over  the  Pampas  tk; 
bear  along  with  them  myriads  of  insects  of  rarioos  kinda.  Ai  ■ 
proof  of  the  manner  in  which  species  may  be  thus  difiuaed,  I  Mf 
mention  that  when  the  Creole  frigate  was  lying  in  the  oater  roak 
off  Buenos  Ayres,  in  1819,  at  the  distance  of  six  nulea  from  tbs  Ini 
her  decks  and  rigging  were  suddenly  covered  with  thoosaads  vt  !•■ 
and  grains  of  sand.  The  sides  of  the  vessel  had  joat  reeeind  a  frsA 
coat  of  paint,  to  which  the  insects  adhered  in  such  nanifaen  as  M 
epot  and  disfigure  the  vessel,  and  to  render  it  aeeessary  partally  ti 
renew  the  paint.  ||  Captain  W.  H.  Smyth  was  oblig«d  to  repaial  kii 
vessel,  the  Adventure,  in  the  Mediterranean,  from  tba  aaim  ci^ 
He  was  on  his  way  from  Malta  to  Tripoli,  when  a  sooibeni  warf 
blowing  from  the  coast  of  Africa,  then  one  bnndred  nHea  diMBfc 

■  Washing!)  Irring's  Tow  in  the  §  KM)jaad^eiice.ToL3.ii.llllCi 

Prairies,  ch.  ix.  I  I  am  indited  to  Tiiiiiiaaia  OciaK 

f  KIolie-BraD.  vol.  V-  p.  97«.  B.li,  Cor  tUs  i-frmniaifm 
\  Kiibf  andSpence,  voLiLp.9.  IS17. 
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Irove  BDch  myriadi  of  flies  upon  the  fresh  punt,  that  not  the  smallett 
Mint  was  left  nnoccupted  bj  insects. 

To  the  southward  of  the  river  Plate,  off  Cape  St  Antonio,  and  at 
:he  distance  of  fifty  miles  from, land,  several  lai^e  dragon-flies 
ilighted  on  the  Adventnre  frigate,  during  Captain  King's  late  ezpe- 
iition  to  the  Straits  of  Mogellaii.  If  the  wind  abates  when  insects 
ire  thus  crossing  the  sea,  the  moat  delicate  species  ore  not  neceuorily 
Irowned ;  for  many  can  repose  without  sinking  on  the  water.  The 
ilender  long-legged  tipulEc  have  been  seen  standing  on  the  surface  of 
Jie  sea,  when  driven  out  far  from  our  coast,  and  took  wing  imme- 
liately  on  being  approached."  Exotic  beetles  are  sometimes  thrown 
>D  our  shore,  which  revive  after  having  been  long  drenched  in  salt 
irater ;  and  the  periodical  appearance  of  some  conapicnoos  butterflies 
imongst  us,  after  being  unseen  some  for  five  others  for  fifty  years,  has 
>een  ascribed,  not  without  probability,  to  the  agency  of  the  winds. 
'  Inundations  of  rivers,  observes  Kirby,  if  they  happen  at  any  season 
uccept  in  the  depth  of  winter,  always  carry  down  a  number  of  insects, 
]oBting  on  the  surface  of  bits  of  stick,  weeds,  &c. ;  so  that  when  the 
iralers  subside,  the  entomologist  may  generally  reap  a  plentiful 
larvest.  In  the  dissemination,  moreover,  of  these  minute  beings,  oa 
n  that  of  plants,  the  lai^r  animals  play  their  part.  Insects  are,  in 
lumberless  instances,  borne  along  in  the  coats  of  animals,  or  the 
Teatbera  of  birds  ;  and  the  eggs  of  some  species  are  capable,  like  seeds, 
)f  resisting  the  digestive  powers  of  the  stomach,  and  after  they  are 
•wallowed  with  herbage,  may  be  ejected  again  unharmed  in  the 
long. 


Geographical  DUtribution  and  Diffusion  of  Man. 

I  have  reserved  for  the  last  some  observations  on  the  range  and 
liffiision  of  the  human  species  over  the  earth,  and  the  influence 
)f  man  in  spreading  other  animals  and  plants,  especially  the  ter- 
restrial. 

Many  naturalists  have  amused  themselves  in  speculating  on  the 
irobable  birth-place  of  mankind,  the  point  from  which,  if  we  assume 
ho  whole  human  race  to  have  descended  from  a  single  pair,  the  tide 
>f  emigration  must  originally  have  proceeded.  It  has  been  always 
I  favourite  conjecture,  that  this  birth-place  was  situated  within  or 
lear  the  tropics,  where  perpetual  summer  reigns,  and  where  fruits, 
lierbs,  and  roots  are  plentifully  supplied  tbroughoot  the  year.  The 
ilimate  of  tiiese  regions,  it  has  been  said,  is  suited  to  a  being  bom 
vitbout  any  covering,  and  who  had  not  yet  acquired  the  arts  of  build- 
ng  habitations  or  providing  clothes. 

Progress  of  human  population. — "  The  huntor  state,"  it  has  been 
ii^ned,  "  which  Montesquieu  placed  the  first,  was  probably  only  the 
ccond  stage  to  which  mankind  arrived;  aiuce  so  many  arts  must 

*  I  Kate  thii  hct  on  the  aatbod^  of  my  Mend,  Ur.  John  Cortit. 
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have  been  invenled  to  catch  a  aalnoa,  or  a  dc«r.  that  aodat^ad 
no  longer  Imve  been  in  its  infancy  when  ih-^y  oama  int*  u»'' 
Wben  regions  where  the  sponCnneous  fruiu  of  the  earth  kbooAJW 
came  overpeopleil,  men  would  ualurnli}'  diffuse  ihtrnikelToa  onr  ■ 
neigliixiuring  pnrta  of  tlie  temperaie  xoni: ;  but  k  cunvidcrmUe  feB 
troutd  probably  elapse  before  tliii  event  took  pbca  i  nnd  it  It  p«4«)i 
ni  a  writer  brfore  citud  observes  that  in  the  intcrvkl  Wen  t 
niulliplicatiou  of  their  numbers  and  their  increMing;  wants  h»d  h» 
pcllod  them  to  vmigratCi  boidq  arts  to  take  nnimala  wiire  iSTti 
but  for  inferior  to  what  we  see  practised  at  this  daj  amoug  san 
As  their  habitations  gradually  advnnrcd  into  Uie  teuiperate  mu. 
D«w  diffiouliies  Ihey  bad  to  euoounier  would  call  funh  hj  d^ 
th«  spirit  of  iavuntion,  and  the  probnliility  of  auch  InTuniiiu  al*«fi 
rate  with  tho  number  of  peuplu  involved  in  the  satatt  nvixsaitj-t 

A  distinguished  niodnrn  writer,  who  coincides  for  tba  iimm  fit 
in  (he  views  ubitve  mentioned,  ha*  introduced  one  (if  the  ]MnBMii 
hie  second  dialogue,  ni  objeciing  to  the  tlieory  of  the  Lnnn 
having  gradually  advanced  fr^m  a  onrajtR  to  a  civilised  stau^  m 
^uund  that  "  the  &rs(  man  mast  liavo  inevitably  beuu  doimyfli  V 
the  elements  or  devoured  by  sarnge  beast*,  ao  influltely  hit  tup^i  " 
in  pby^ical  force."  t     Ue  then  conUndt  against  the  difllculiy  fa 
started  by  viirioua  nrgumcnis,  nil  of  which  were,  )>eihB{>i,  f  U[>«rf»i"i    ] 
for  if  a  philotupher  is  pleased  to  indulge  in  conjectures  ou  lhit>Bli«cli  i 
why  should  he  not  assign,  na  the  original  seat  of  man,  some  owtf  1 
those  large  isknds  within  the  tropics,  which  are  as  free  frnm  ivfi   I 
beasts  of  prey  as  Van  Dicmen's  Land  or  Australia  ?      Here  nua  w^ 
have  remained  for  a  period,  peculiar  lo  a  single  islnnd,  jusIasiOBi^ 
the  large  anthro])oinorplioua   species  are  now   limited  lo  onf  ui»l 
wilijiii  the  tropics.     In  sueli  a  silualioii,  thi'  iie«--born  itw-  itiij  :    -" 
lived  in  security,  though  far  more  helpless  than  the  Kew  HjiMi 
uvages,  and  might  have  found  abundance  of  vegetable  food.    ColcnM 
may  afterwards  have  been  sent  forth  from  this  mother  country,  wl 
then  the  peopling  of  the  earth  may  have  proceeded  according  leAi 
hypothesis  before  alluded  to. 

To  form  a  probable  conjecture  respecting  the  cooDtry  fromwbacc 
the  early  civilization  of  India  was  derived,  has  been  found  afaoMt 
as  difficult  as  to  determine  the  original  birth-place  of  the  hnmao  nca 
That  tlie  dawn  of  oriental  civilization  did  not  arise  within  the  hate 
of  the  tropics,  is  the  conclusion  to  which  Boron  William  von  Has- 
boldt  has  come  after  much  patient  research  into  "  the  diversities  d 
the  structure  of  language  and  their  influence  on  the  mental  devtli^ 
ment  of  the  human  race."  According  to  him  the  ancient  Zal 
country  from  whence  the  spread  of  knowledge  and  the  arts  bat  basi 
traced  in  a  south-easterly  direction,  lay  to  the  north-west  of  the  tff» 
Xndus.^ 

•  Brand's  Select  tHtserL  from  the  }  KrH.Davy,Cwwolwi<thTl^ 
»"-™i.  Actd.,  voLL  p.  118,  p.  74.  , 
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As  to  the  time  of  the  first  appearance  of  man  upon  the  earth,  if  vra 
re  to  judge  from  the  discordoDce  of  opinion  amongst  celebrated 
tironologers,  not  even  a  nide  approximation  has  jet  been  made 
owarda  determining  a  point  of  so  mach  Inlerest.  The  problem 
•ems  hitherto  to  have  baffled  the  curiosity  of  the  antiquary',  if  pos- 
ible,  more  completely  than  the  fixing  on  a  geographical  site  for  the 
■riginal  habitation  of  the  ancestors  of  the  human  race.  TLe  Che- 
mlier  Bunsen,  in  his  elaborate  and  philosophical  work  on  Ancient 
SgTpt*,  bos  satisfied  not  a  few  of  the  learned,  bj  an  appeal  to 
nonumental  inscriptions  still  extant,  that  the  successive  dynasties  of 
dngs  may  be  traced  back  without  a  break,  to  Mcnes,  and  that  the 
late  of  liis  reign  would  correspond  with  the  year  3640,  B.C.  He 
inpposeg  at  the  same  time,  What  is  most  reasonable,  that  the  Egyptian 
jeople  must  have  existed  for  a  long  period  (probably  at  least  for  five 
jenturies),  in  their  earlier  and  less  settled  state,  before  tliey  reached 
the  point  of  civilizntiun  at  which  Menes  consolidated  them  into  a 
p«at  and  united  empire.  This  would  carry  us  back  to  upwards  of 
1000  years  B.C.,  or  to  an  epoch  coincident  with  that  commonly  set 
cknrn  for  the  creation  of  the  world  in  accordance  with  computations 
founded  on  the  combined  ages  of  the  successive  antediluvian  pa- 
triarchs. It  follows  that  the  some  epoch  of  Menes  is  anterior  by  a 
great  many  centuries  to  the  most  ancient  of  the  dates  usually  fixed 
npon  for  the  Mosaic  deluge.  The  fact  that  no  record  or  tradition 
of  any  great  and  overwhelming  flood  has  been  detected  in  the  mytho- 
logy, or  monumental  annals  of  the  Egyptians,  will  suggest  many  re- 
flections to  a  geologist  wlio  has  weighed  well  the  evidence  we  possess 
of  a  variety  of  partial  deluges  wliich  have  happened  in  districts  not 
firee  like  Egypt,  for  the  last  3000  years,  from  earthquakes  and  other 
causes  of  great  aqueous  catastrophes.  The  tales  and  legends  of  ca- 
lamitous floods  preserved  in  Greece,  Asia  Minor,  the  southern  shores 
of  the  Baltic,  Chins,  Peru,  and  Chili  have,  as  we  have  seen,  been  all 
of  them  handed  down  to  us  by  the  inhrkbitants  of  regions  in  which  the 
operation  of  natural  causes  in  modern  times,  and  the  recurrence  of  a 
succession  of  disastrous  floods,  aSbrd  us  data  for  interpreting  the 
meaning  of  the  obscure  traditions  of  an  illiterate  age.f 

In  his  learned  treatise  on  ancient  chronology,  Dr.  Hales  has  selected, 
from  a  much  grenter  number,  alist  of  no  less  than  120  authors,  all  of 
vhom  give  a  diSerent  period  for  the  epoch  of  the  creation  of  the 
world,  the  extreme  range  of  difference  between  them  amounting  to 
no  less  than  3268  years.  It  appears  that  even  amongst  authorities, 
vho  in  England  are  generally  regarded  as  orthodox,  there  is  a 
variance,  not  of  years  or  of  one  or  two  centui'ies,  but  of  upwards  of  a 
millennium,  according  as  they  have  preferred  to  follow  the  Hebrew, 
or  the  Samaritan,  or  the  Greek  versions  of  the  Mosaic  writings.  Can 

J^agoige,"  si.  cltcil  Id  Coxmos.   Intro-        t  For  Or«eisn  and  Ailatie  deloges, 
doMion.  ■«•  abora,  p.  SSe. ;  ClnMan,  p.  S31.  i 

■  EgTpten'i  Stelle,   &c    Egjyt   n-    CluiiMe,p. '.  <  FcmTun,p.  JOa.|  ChiliH 
atoied  to  ber  Ploco  ia  UaiTersal  OiMotj,    or  Anouiiian  delnge,  p.  900. 
1^  CC  J.BaoiML  1S4». 
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vre  then  wonder  that  they  who  decipher  the  monuments  of  E|^' 
the  geologist  who  interprets  the  carth'u  autobiogrnpbj,  eboidld  um 
at  viewa  respecting  the  date  of  an  nncient  empire,  or  Llio  t^  ofv 
planet,  irreconcilcnWe  with  every  one  of  these  numerous  »oi  •■ 
tiicting  chronologies  ?  The  want  of  agreement  amongst  ilie  Inrti 
in  regard  to  the  probable  date  of  the  deluge  of  Noali  is  *  Mom ' 
far  greater  perplexity  and  confusion  than  our  extreme  nDwnB^ 
□,B  to  the  epoch  of  the  ereution,  —  the  deluge  being  a  cotapsno'^ 
modern  event,  from  which  the  repeopliiig  of  the  earth  and  tlie  ht^ 
of  the  present  races  of  mankind  is  made  to  begin. 

Naturalists  have  long  felt  that  to  render  probable  the  neefi 
opinion  that  all  the  leading  varictiea  of  the  human  dumSf  it/* 
originolly  sprung  from  a  iinglc  pair,'(a  doctrine  against  wUci  ll« 
Appears  to  uiQ  to  be  no  sound  objection,)  a  muub  grvaicr  iq«^ 
time  is  required  for  the  elow  and  gradual  formation  of  racei.(ia(i* 
the  Caucasian,  Mongolian,  and  Negro.)  Ilian  is  cnbruxd  11  ^ 
of  the  popular  systems  of  chronology.  The  exiatcnce  of  (wn  of  IM^ 
marked  varieties  above  mentioned  can  be  traced  btck  3000  ^^ 
before  the  preEent  time,  or  to  the  painting  of  pictures,  presorcdiik 
tombs  or  on  the  walls  of  bnried  temples  in  Egypt.  IniJMmweMM 
the  Negro  and  Caucasian  physiognomies  portrayed  a*  faiiLfuBy  ^ 
in  as  strong  contrast  as  if  the  likenesses  of  those  rates  L.i.- 1'  ■;=  "'^'*  ] 
yesterday.  Wlien  we  consider  therefore  the  extn-nif  >.l.i>in-'-  <*  ' 
the  changes,  which  climale  ondoiher  modifying  cniivi.?  imv.'  jir.'-i''^ 
in  modern  times,  we  must  allow  for  a  vast  series  of  anteced'-si  =?* 
in  the  course  of  which  the  long -continued  influeoce  of  simiU-'  i' 
teraal  circumstances  gave  rise  to  peculiarities,  probably  increud  • 
many  successive  generations,  until  they  were  fixed  by  ber^diBfJ 
transmission.  The  characteristic  forms  and  features  thus  a^oirtJ  tf 
certain  tribes,  may  have  been  afterwards  diffused  by  inigralioa  Ota 
a  few  centres  over  wide  continental  spaces.  The  theory,  lliertfs** 
that  all  the  races  of  man  have  come  from  one  common  »iock  itcriM 
support  from  every  investigation  which  forces  us  to  expand  oar  iJM 
of  the  duration  of  past  time,  or  which  multiplies  the  number  of  j«i 
that  have  passed  away  since  the  origin  of  man.  Ilitherln.  eeolo^  *• 
neither  enlarged  nor  circumscribed  the  "human  period;"  bo  I  »» ply 
proved  that  in  the  history  of  animated  nature  it  is  compantirdy 
modern,  or  the  last  of  a  long  series  of  antecedent  epochs,  in  t*A  «t 
which  the  earth  has  been  successively  peopled  by  distinct  tpedetd 
animals  and  plants. 

In  an  early  stage  of  society  the  necessity  of  hunting  acts  as  ■ 
principle  of  repulsion,  causing  men  to  spread  with  the  greaM* 
rapidity  over  a  country,  until  the  whole  is  covered  wilb  lotttcn' 
settlements.  It  has  been  calculated  that  eight  hundred  acfd  ^ 
hunting'ground  produce  only  as  much  food  as  half  an  acre  of  anU> 
land.  When  the  game  has  been  in  a  great  measure  exh^Bsteci.  M* 
%  Btate  of  pasturage  succeeds,  the  several  hunter  tribes,  being  alm^r 
ottered,  may  multiply  in  a  short  tima  into  tb«  greatett  naaW 
■iiaiAx  xYlq  ^XoTtX  iK&\«  \%  <^^bla  of  EOBtuning.    TLa  aeccM^ 
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Mjs  Brand,  thus  imposed  upon  tho  two  UTage  states,  of  dispersing 
themselves  far  and  wide  over  the  coantiy,  affords  a  reason  why,  at 
m  very  early  period,  the  worst  parts  of  the  earth  may  have  become 
inhabited. 

But  this  reason,  it  may  be  siud,  is  only  applicable  in  as  far  as 
regards  the  peopling  of  a  continuous  continent ;  whereas  the  smallest 
islands,  howeyer  remote  from  continents,  hare  almost  always  been 
found  inhabited  by  mnn.  St.  Helena,  it  is  true,  afibrded  an  exception; 
for  nheii  that  island  was  discovered  in  1501,  it  was  only  inhftbited 
by  Bca-fonl,  and  occasionally  by  seals  and  turtles,  and  was  covered 
with  a  forest  of  trees  and  shrubs,  all  of  species  peculiar  to  it,  with  one 
or  two  exceptions,  and  which  seem  to  have  been  expressly  created  for 
this  remote  and  insulated  spot.* 

The  islands  also  of  Mauritius,  Bourbon,  Fitcaims,  and  Juan  Fer- 
nandez, and  those  of  the  Galapagos  archipelago,  one  of  which  ia 
seventy  miles  long,  were  uninhabited  when  first  discovered,  and, 
what  is  more  remarkable  than  all,  the  Falkland  Islands,  which 
together  are  120  miles  in  length  by  60  in  breadth,  and  abounding  in 
food  fit  for  the  support  of  man, 

Ihyting  of  eanoei  to  vatt  dulances.  —  But  very  few  of  the 
numerous  coral  islets  and  volcanos  of  the  vast  Pacific,  capable  of 
■nstoining  a  few  families  of  men,  have  been  found  antenanled;  and 
ve  have,  therefore,  to  inquire  whence  and  by  what  means,  if  all  the 
members  of  the  great  human  family  have  liad  one  common  source, 
could  those  savages  have  migrated.  Cook,  ForsCer,  and  others,  have 
remarked  that  parties  of  savages  in  their  cunoes  must  have  often  lost 
their  way,  and  must  hare  been  driven  on  distant  shores,  where  they 
vere  forced  to  remain,  deprived  both  of  the  means  and  of  the 
requisite  intelligence  for  returning  to  their  own  country.  Thus 
Captain  Cook  found  on  the  island  of  Wsteoo  three  inhabitants  of 
Otaheite,  who  had  been  drifted  thither  in  a  canoe,  although  the 
distance  between  the  two  isles  is  550  miles.  In  1696,  two  canoes, 
containing  thirty  persons,  who  had  left  Ancorso,  were  thrown  by 
contrary  winds  and  storms  on  the  island  of  Somar,  one  of  the  Fliilip- 
pines,  at  a  distance  of  800  miles.  In  1721,  two  canoes,  one  of  which 
contained  twenty-four,  and  the  other  six  persons,  men,  women,  and 
children,  were  drifted  from  an  island  called  Farroilep  to  the  island  of 
Guaham,  one  of  the  hfarians,  a  distance  of  200  miles.'t' 

Eotzebue,  when  investigating  the  Coral  Isles  of  Radack,  at  the 
eastern  extremity  of  the  Caroline  Isles,  became  acquainted  with  a 
person  of  the  name  of  Kadu,  who  was  a  native  of  Ulea,  an  isle  1500 
miles  distant,  from  which  he  had  been  drifted  with  a  party.  Eadu 
and  three  of  his  countrymen  one  day  left  Ulea  in  a  sailing  boat,  when 
■  violent  storm  arose,  and  drove  them  out  of  their  course:  they 
drifted  about  the  open  sea  for  eight  months,  according  to  their 
reckoning  by  the  moon,  making  a  knot  on  a  cord  at  every  new  moon. 
Being  expert  fishermen,  they  subsisted  entirely  on  the  produce  of 

•  Se«p.;si9.  t  HsIte-Bran'iGeogr*];h7,-r<A.V&.v>^^^> 
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the  eea ;  nnd  when  the  rain  f«ll,  laid  in  u  mnoli  frcfh  wbm  m  tiff 

bud  vessels  to  contain  it.     "KaiiUg'ea^B  Kotsebov,    "who  wuh 

beat  divvr,  freqacDtl^  went  down  to  tbe  bollom  of  the  i 

U  well  known  that  tlie  water  U  nut  so  nalt,  wiili  n  coroa-not  il^ 

with  only  a  email  opening."*     When  these  anfortuiuito  s 

tbH  isles  of  Raduck,  cveiy  hope  and  almost  every  fnOing  hal  W 

within  them  ;  their  aail  had  long  keen  deslroyrd,  their 

long  been  the  sport  of  winds  and  ware*,  and  tliey  were  piekrd  »?lf 

the  inhabitants  of  Aur  in  a  state  of  inBensibtlttyi  but  by  tbc  h 

pltuble  care  of  those  islanders  tliey  booq  recovered,  and  wen  MMv 

to  perfect  healib-f 

Cuptuin  Becchoy,  in  hia  voyage  to  the  FadG(\  fell  in  4 
nativeH  of  the  Coral  Iblnnds,  who  bad  in  a  aimilnr  i 
carried  to  a  great  distance  from  tbeir  natire  country, 
embarked,  to  the  oumhcr  of  150  »ul*,  in  lhre«  doable  C 
Aiuui.  or  Ctmiu  iBJand,  situated  about  three  hundred  milai  ti  flffl 
eastward  of  Otabeite.  Tliey  were  ovrrtakeo  by  the  toniuw,  <W  1 
diopersed  the  eano*!*  t  >nd  after  driving  tltem  about  tba  ocm^MI 
them  becalmed,  so  that  a  great  number  of  perXMu  pcriabed.  Tnrfl 
the  canoes  were  never  heard  of  I  but  tb«  other  wsa  driflad  &W| 
nninbabiied  island  to  another,  at  caeb  of  wbiub  tba  ^oytfpa*  ol 
a  few  provisions ;  and  at  length,  ufliT  having  wandered  for  t  dicuo  1 
of  tiOO  miles,  they  were  found  and  carried  to  Liic-ir  bone  is  l^  I 
BloMm.t 

Mr.  Crawfurd  informs  me  that  there  are  sevenil  well  autbtnaali*  | 
accounts  of  canoes  having  been  drifted  from  Bumatrm  to  Mad>g»yg- 
and  hy  mih  causes  a  portion  of  the  Malayan  langun^  »ilii  «•• 
useful  plants,  have  been  transferred  to  thut  iBland,  which  u  f-fine- 
pally  ]ieiii'led  by  nej»r"'-s. 

'i'Jie  space  trikversed  in  some  of  these  instances  was  so  gnat,  tbl 
Eimihir  uocidinls  might  suffice  to  transport  canoes  from  varioo*  fu^ 
of  Africa  to  the  shores  of  South  America,  or  from  Spain  te  tbt 
Azort-s,  and  tlience  to  Norlh  America  :  »o  that  man,  even  in  ■  n^ 
siiite  of  i^ciety,  is  liable  to  be  scattered  involuntarily  by  ibe  via^ 
and  waves  ovtr  the  globe,  in  a  manner  iingiilarly  analogoas  to  ikii 
in  which  many  pinnis  and  animaU  are  diffused.  We  oughi  Dt>(,  thc% 
to  wonder,  tliQi  during  the  ages  re^juired  for  some  tribes  of  the  haaitt 
race  to  aitnin  that  advanced  stage  of  civiliratioti  wbicb  empowtn  tki 
navigator  lo  cross  the  ocean  in  all  directions  with  aecurity,  the  wh«l« 
earth  should  have  become  the  abode  of  rude  tribea  of  baaien  arf 
fishers.  Were  the  whole  of  mankind  now  cut  off,  with  tbeMoepo* 
of  one  family.  Inhabiting  the  old  or  new  continent,  or  Aiuinlia,v 
even  some  coral  islet  of  the  Pacific,  we  might  expect  ibeir  ittemi- 

•  ChamusortalMthatIhe  water  which        t  Ke^aeb^'i   Veyof*.    lilJ— I* 

tkej  brought  np  wm  coolw,  and  la  tht<r  QoancH;  Bmew,  »oL  xvi.  f.  *U- 
Minioa,  leu  tall.     It  ig  difficuli  lo  con-        t  Nnrfmiita    at   a    Voyap   ■  ■ 

c«ii-o  Its  being  frcfJicr  near  the  botLom,  Parattc,  Ac,  in  Iha  ycati  IWl.  •■ 

wicept  w^ctc  wbmiriaR  &^rin^  ni»y  1SS7,  18U,p.  17a 
bap^nloiiM- 
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ants,  though  they  shoald  never  become  more  enlightened  than  the 
South  Sea  Islanders  or  the  Esquimaux,  to  tpread  in  the  eourse  of 
ages  over  the  whole  earth,  diffused  partly  by  the  tendency  of  popula- 
tion to  increase,  in  a  limited  district,  beyond  the  meant  of  sub* 
aistence,  and  partly  by  the  accidental  drifting  of  canoes  by  tidea  and 
currents  to  distant  shores. 


Involuntary  Influence  of  Man  in  diffusing  AnimaU  and  Ptants. 

Many  of  the  general  remarks  which  have  been  made  respecting  the 
influence  of  man  in  spreading  or  in  checking  the  diffusion  of  plants 
apply  equally  to  his  relations  with  the  animal  kingdom.  On  a  future 
occasion  I  shall  be  led  to  speak  of  the  instrumentality  of  our  species 
in  naturalizing  useful  animals  and  plants  in  new  regions,  when  ex- 
plaining my  views  of  the  effects  which  the  spreading  and  increase  of 
certain  species  exert  in  the  extirpation  of  others.  At  present  I  shall 
confine  myself  to  a  few  remarks  on  the  involuntary  aid  which  man 
lends  to  the  dissemination  of  species. 

In  the  mammiferous  class  our  influence  is  chiefly  displayed  in 
increasing  the  number  of  quadrupeds  which  are  serviceable  to  us, 
and  in  exterminating  or  reducing  the  number  of  those  which  are 
noxious. 

Sometimes,  however,  we  unintentionally  promote  the  multiplication 
of  inimical  species,  as  when  we  introduced  the  rat,  which  was  not 
indigenous  in  the  new  world,  into  all  parts  of  America.  They  have 
been  conveyed  over  in  ships,  and  now  infest  a  great  multitude  of 
islands  and  parts  of  that  continent.  In  like  manner  the  Norway  rat 
(Mas  decumanus)  has  been  imported  into  England,  where  it  plunders 
our  property  in  ships  and  houses. 

Among  birds,  the  house  sparrow  may  be  cited  as  a  species  known 
to  have  extended  its  range  with  the  tillage  of  the  soiL  During  the 
last  century  it  has  spread  gradually  over  Asiatic  Russia  towards  the 
north  and  east,  always  following  the  progress  of  cultivation.  It  made 
its  first  appearance  on  the  Irtisch  in  Tobolsk,  soon  after  the  Russians 
had  plouglied  tiie  land.  It  came  in  1735  up  the  Obi  to  Beresow,  and 
four  years  after  to  Naryn,  about  fifteen  degrees  of  longitude  farther 
east.  In  1710,  it  had  been  seen  in  the  higher  parts  of  the  coast  of 
the  Lena,  in  the  government  of  Irkutzk.  In  all  these  places  it  is  now 
common,  but  is  not  yet  found  in  the  uncultivated  regions  of  Kamt- 
schatka.  * 

The  great  viper  {Fer  de  lance),  a  species  no  less  venomous  than 
the  rattlesnake,  which  now  ravages  Martinique  and  St.  Lucia,  was 
accidentally  introduced  by  man,  and  exists  in  no  other  part  of  the 
West  Indies. 

Many  parasitic  insects  which  attack  our  persons,  and  some  of 
which  are  supposed  to  be  peculiar  to  our  species,  have  been  carried 

*  Gloger,  Abind.  der  Yogel,  p.  103. ;  Pallas,  Zoog.  Bosfo-ABisIL,  Vniu^>\Vl. 

TJU  4 


I 


664  DISPEE810S  OF   AHIMALS  BT   MAW.     [G«,XXiq 

into  all  parta  of  the  earth,  and  have  as  high  ft  claim 
Kn I t>er»a/ geographical  digtribution. 

A  great  variety  of  insects  have  been  transported  la  sliips  fi 
country  to  another,  especially  in  warmer  latitudes.  Tl»e  " 
house-fly  has  been  introduced  in  this  ivay  into  oU  tbe  Stxoth 
latande.  Notwithstanding  the  coldness  of  our  climate  in  Enftlnll 
have  been  nnable  to  prevent  the  cockroach  ( Blalla  oricmtabi)  6i 
entering  and  diffusing  itself  in  our  ovens  and  kneading  tnnt^)^  I 
availing  itself  of  the  artificial  warmth  which  wc  afford.  t(  it  a 
known  also  that  beetles,  and  many  other  kinds  uf  lignij 
insects,  have  been  introduced  into  Great  Britain  in  Umber 
several  North  American  species.  "  The  commercial  relalioitt^' 
Malle-Brun*.  "hetircen  France  and  India,  hare  transpoctad 
the  latter  country  ibe  aphis,  which  de-stroys  the  npple-lr«e, 
aorta  of  Ncuroptera,  the  Lucifuga  and  Ftaticota,  moill/ 
Provence  and  the  neighbourhood  of  Bourdeaux,  where  tbey 
the  limber  in  the  houses  and  naval  arsenals." 

Among  mollusks  we  may  mention  the  Teredo  rtavalis,  wbieh  it 
native  of  equatorial  scaa,  but  which,  by  Adhering  to  the 
ships,  was  transported  to  Holhind,  where  it  has  been  n 
to  vessels  and  piles.  The  same  species  has  aUo  become  naianii 
in  England,  and  other  countries  enjoying  an  extcn&ive  commttti' 
BuUmiu  undatus,  a  laud  species  of  considerable  sire,  ninrt  4 
Jamaica  and  other  West  ludtiin  islands,  ha«  been  imported,  adiniif 
to  tropical  timber,  into  Liverpool ;  anil,  as  I  learn  from  Mr.  Bivdu^ 
is  now  naturnlized  in  the  woods  near  that  town. 

In  all  these  and  inaumersble  other  instances  we  may  retard  ik 
involuntary  agency  of  man  as  atriclly  analogous  to  llul  c4  tte 
in/etior  animals.  Like  ihem,  we  uneonsvjiotisly  contribute  lo  zivai 
or  limit  the  geographical  range  and  numbers  of  certain  species,  ia 
obedience  to  general  rules  in  the  economy  of  nature,  wbicb  art  fix 
the  most  port  beyond  our  control. 

•  SjBt.  of  Geog.,  ToL  Tiii.  p.  169. 
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THEORIES  RESPECTIKG  THE  ORIGIKAL  INTBODUCTION  OF  SPECIES. 

Proposal  of  an  hypothesis  on  this  subject  —  Supposed  centres  or  foci  of  creation — 
Why  distinct  provinces  of  animals  and  plants  have  not  become  more  blended 
together — Brocchi's  speculations  on  the  loss  of  species — Stations  of  plants  and 
animals  —  Causes  on  which  they  depend  —  Stations  of  plants  how  affected 
by  animals — Equilibrium  in  the  number  of  species  how  preserved — Peculiar 
efficacy  of  insects  in  this  task — Rapidity  with  which  certain  insects  «iultiply 
or  decrease  in  numbers  —  Effect  of  omnivorous  animals  in  preserving  the  equi- 
librium of  species — Reciprocal  influence  of  aquatic  and  terrestrial  species  on 
each  other. 

Theory  of  Linmsus, — It  would  be  superfluous  to  examine  the 
various  attempts  which  were  made  to  explain  the  phenomena  of  the 
distribution  of  species  alluded  to  in  the  preceding  chapters,  in  the 
infancy  of  the  sciences  of  botany,  zoology,  and  physical  geography. 
The  theories  or  rather  conjectures  then  indulged  now  stand  refuted 
by  a  simple  statement  of  facts ;  and  if  Linnseus  were  living  he  would 
be  the  first  to  renounce  the  notions  which  he  promulgated.  For  he 
imagined  the  habitable  world  to  havis  been  for  a  certain  time  limited 
to  one  small  tract,  the  only  portion  of  the  earth^s  surface  that  was  as 
yet  laid  bare  by  the  subsidence  of  the  primasval  ocean.  In  this 
fertile  spot  he  supposed  the  originals  of  all  the  species  of  plants  which 
exist  on  this  globe  to  have  been  congregated  together  with  the  first 
ancestors  of  all  animals  and  of  the  human  race.  "In  qua  commode 
habitayerint  animalia  omnia,  et  vegetabilia  laetd  germinaverint."  In 
order  to  accommodate  the  various  habitudes  of  so  many  creatures, 
and  to  provide  a  diversity  of  climate  suited  to  their  several  natures, 
the  tract  in  which  the  creation  took  place  was  supposed  to  have  been 
situated  in  some  warm  region  of  the  earth,  but  to  have  contained  a 
lofty  mountain  range,  on  the  heights  and  in  the  declivities  of  which 
were  to  be  found  all  temperatures  and  every  climate,  from  that  of  the 
torrid  to  that  of  the  frozen  zone.  • 

That  there  never  was  a  universal  ocean  since  the  planet  was 
inhabited,  or,  ratiier,  since  the  oldest  groups  of  strata  yet  known  to 
contain  organic  remains  were  formed,  is  proved  by  the  presence  of 
terrestrial  plants  or  by  indications  of  shores  in  all  the  older  formations; 
and  if  this  conclusion  was  not  established,  yet  no  geologist  could  deny 
that,  since  the  first  small  portion  of  the  earth  was  laid  dry,  there  have 
been  many  entire  changes  in  the  species  of  plants  and  animals  in- 
habiting the  land. 

But,  without  dwelling  on  the  above  and  other  refuted  theories,  let 
us  inquire  whether  some  hypothesis  cannot  be  substituted  as  simple 
as  that  of  Linnaeus,  to  which  the  phenomena  now  ascertained  in 
regard  to  the  distribution  both  of  aquatic  and  terrestrial  species  may 

De  terrft  habitabili  incremento ;  also    p.  17.,  where  the  hypotheses  of  difiereat 
Pbyt.  Hist  of  Mankind,  vol  L    naturalists  are  eavn«nJ(Ad« 
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be  rererred.  The  folloniDg  ma^,  perhaps,  be  recoacilealiie  ino 
known  facte: — Each  epecivs  may  bars  bod  its  origio  la  ft  «iafii 
pair,  or  individual,  where  an  iudividual  was  eafficieut,  and  iperM 
mnj  have  been  created  in  succession  at  such  titnea  aad  in  tocJi  pl«& 
as  to  eDable  them  to  mnUiply  and  etidura  for  ao  appointed  ptni 
and  occupy  an  apfiointed  spare  on  the  globe. 

In  order  to  explain  this  theory,  let  us  suppose  tfvi-jry  lincj  licit 
to  be  destroyed  in  the  western  heioisphere,  both  on  th«  land  u4  i 
the  ocean,  and  permigsion  to  be  given  to  maa  to  people  tbii|nrt 
desert,  by  transporting  into  it  onimald  and  plant*  from  ilie  (aan 
heoiiejthere,  a  strict  prohibiliim  hbiug  enforced  ogajnsl  touodaciif 
two  original  stocks  of  tbe  sanit?  species. 

Now  it  is  easy  to  shovf  that  the  result  of  Eucli  r  mode  of  golimiifrt 
would  correspond  exactly,  so  far  as  regarda  the  groupitic  of  aiiiirt 
and  plants,  wilh  that  now  observed  throughout  ifafl  globe.  I>  d* 
first  place,  it  would  be  necessary  for  naturalist*,  before  ikty  imfthd 
species  into  pariiculur  locnlities,  to  study  attenlivnly  the  i^matumi 
other  physical  conditions  of  each  spot.  It  would  be  no  leas  rt^nikt 
to  introduce  the  difierent  species  in  succession,  so  that  Mck  pW 
and  animal  might  have  time  and  opportunity  lo  multiply  befmik 
species  destined  to  prey  npun  it  was  admitlrd.  Uanr  hrAt  iW 
shrubs,  for  example,  must  spread  far  nud  wide  before  ibe  An^ 
the  deer,  and  the  goat  could  be  allowed  to  enter,  leal  thry  li^-H 
devour  and  annihilate  tlio  original  stocks  of  many  plants,  niil  lia 
perish  themselves  for  want  of  food.  The  above- men tioned  fet)>>»- 
rous  animals  in  their  turn  must  be  permitted  to  make  tomUtrtHi 
progress  before  the  entrance  of  th«  first  pair  of  wolvw  or  Bm* 
Iii.'t'cts  must  bo  allowed  to  swarm  before  the  swallow  oo«M  W  far- 
mitted  to  skim  through  the  nir,  end  feast  on  thousands  at  one  rrfMt 
It  is  evident  that,  however  equally  in  this  cose  our  oHgiaal  sseb 
were  distributed  over  the  whole  surface  of  land  and  wstrr,  iWt 
would  nevertheless  arise  distinct  botanical  and  aoological  prariaM 
for  thiTc  are  a  great  many  natural  barriers  which  oppnsa  cada<a 
ob>tiiplea  to  the  advance  of  a  variety  of  species.  Tbui,  for  exi*jfc. 
ulnuist  all  the  animals  and  pl.tnts  naturntited  by  as,  lonnb  <te 
exirc.mity  uf  South  America,  would  be  unable  lo  spread  b-yooJ  * 
certnin  limit,  towards  the  east,  west,  snd  south  ;  becauae  th«y  woaU 
be  slopped  by  the  ocean,  and  a  few  of  iheni  only  weuM  MKoa>J  is 
reaching  the  cooler  latitudes  of  the  northern  hcmUphera,  bresosi 
they  would  be  incapable  of  bearing  the  heat  of  lh«  (ropier  liimi|t 
wliich  tliey  must  pasa.  In  the  course  of  oge>s,  undoubttdly,  rxirp- 
tions  would  arise,  and  soroe  species  might  beconie  coniisMi  lo  tbt 
temperutc  and  polar  regions,  or  both  sides  of  the  cqualori  for 
before  shown  that  the  powers  of  diffusion  conferred  on  wiac 
are  very  great.  lint  we  wight  couHdenily  predict  that  these 
would  never  become  so  numerous  as  to  invalidate  the  f^enpnl  nit. 

Some  of  the  plants  and  animals  transplanted  by  us  to  thei««i' 
ChiU  and  Peru  wouhl  never  be  able  to  cross  the  Aiide)^  so  u  U  V^ 
the  eaa^fttn  ip\wB*  ■,  "&« ,  ^  ».  %WAai  t^uiob,  wotild  thoea  inl 
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blished  in  the  Pampas,  or  the  valleys  of  the  Amazon  and  the  Orinoco, 
ever  arrive  at  the  shores  of  the  Pacific* 

In  the  ocean  an  analogous  state  of  things  would  prevail ;  for  there, 
also,  climate  would  exert  a  great  influence  in  limiting  the  range  of 
species,  and  the  land  would  stop  the  migrations  of  aquatic  tribes  as 
efiectually  as  the  sea  arrests  the  dispersion  of  the  terrestrial.  As 
certain  birds,  insects,  and  the  seeds  of  plants  can  never  cross  the 
direction  of  prevailing  winds,  so  currents  form  natural  barriers  to 
the  dissemination  of  many  oceanic  races.  A  line  of  shoals  maj  be 
as  impassable  to  deep-water  species,  as  are  the  Alps  and  the  Andes 
to  plants  and  animals  peculiar  to  plains;  while  deep  abysses  may 
prove  insuperable  obstacles  to  the  migrations  of  the  inhabitants  of 
shallow  waters. 

Supposed  centreSy  or  foci,  of  creation.'^lt  is  worthy  of  observation, 
that  one  effect  of  the  introduction  of  single  pairs  of  each  species 
must  be  the  confined  range  of  certain  groups  in  spots,  which,  like 
small  islands,  or  solitary  inland  lakes,  have  few  means  of  inter* 
changing  their  inhabitants  with  adjoining  regions.  Now  this  con« 
gregating  in  a  small  space,  of  many  peculiar  species,  would  give  an 
appearance  of  centres  or  foci  of  creation,  as  they  have  been  termed, 
as  if  they  were  favourite  points  where  the  creative  energy  has  been 
in  greater  action  than  in  others,  and  where  the  numbers  of  peculiar 
organic  beings  have  consequently  become  more  considerable. 

I  do  not  mean  to  call  in  question  the  soundness  of  the  inferences 
of  some  botanists,  as  to  the  former  existence  of  certain  limited  spots 
whence  species  of  plants  have  been  propagated,  radiating,  as  it 
were,  in  all  directions  from  a  common  centre.  On  the  contrary,  I 
conceive  these  phenomena  to  be  the  necessary  consequences  of  the 
plan  of  nature  before  suggested,  operating  during  the  successive 
munitions  of  the  surface,  some  of  which  the  geologist  can  prove  to 
have  taken  place  subsequently  to  the  period  when  many  species  now 
existing  were  created.  In  order  to  exemplify  how  this  arrangement 
of  plants  may  have  been  produced,  let  us  imagine  that,  about  three 
centuries  before  the  discovery  of  St.  Helena  (itself*  of  submarine 
volcanic  origin),  a  multitude  of  new  islands  had  been  thrown  up  in 
the  surrounding  sesi,  and  that  these  had  each  become  dotlied  with 
plants  emigrating  from  St.  Helena,  in  the  same  manner  as  the  wild 
plants  of  Campania  have  diffused  themselves  over  Monte  Nuovo. 
Whenever  the  first  botanist  investigated  the  new  archipelago,  he 
would,  in  all  probability,  find  a  different  assemblage  of  plants  in 
each  of  the  islands  of  recent  formation ;  but  in  St.  Helena  itself,  he 
would  meet  with  individuals  of  every  species,  belonging  to  all  parts 
of  the  archipelago,  and  some,  in  addition,  peculiar  to  itself,  viz., 
those  which  had  not  been  able  to  obtain  a  passage  into  any  one  of 
the  surrounding  new-formed  lands.  In  this  case  it  might  be  truly 
said  that  the  original  island  was  the  primitive  focus,  or  centre,  of  a 
certain  type  of  vegetation ;  whereas,  in  the  surrounding  islands,  there 
would  be  a  smaller  number  of  species,  yet  all  belonging  to  thA  sasa.^ 
group. 


668  aitOCOHI   ON  LOSS  OF   SPECIES. 

But  this  peculiar  distribution  of  planta  wonld  not 
conclusion  that,  in  the  space  occupied  by  St.  Helens,  thers  bidbeM 
■  greater  exertion  of  creative  poner  than  in  the  space*  of  sqiMl  ua 
occupied  by  the  new  adjacent  lands;  because,  nitb in  the  paiad  i> 
wiiich  St.  Helena  had  acquired  its  peculiar  vegetation,  oncfa  of  tk 
spots  supposed  to  be  subsequently  converted  ioli>  Und  may  baf 
been  the  birth-places  of  a  great  number  of  marine  tuiimaia  and  plaal^ 
which  may  linve  bnd  lime  to  scatter  tbeoiBelves  far  and  wtda  s*« 
the  BOUlhern  Atlantic. 

fF/i;/  diitmel  provinee*  not  mare  bUnded. — Perliapd  it  Bay  li 
objected  to  some  parts  of  the  foregoing  train  of  n-aMming,  ihtf: 
during  the  lapse  of  past  ages,  especially  during  mnny  parltal  nnir 
tions  of  the  globe  of  compuralively  modern  date,  dilterunt  aaoliprf 
and  botanical  provinces  ought  to  hare  become  mora  oonroitaded  laA- 
blended  together — that  tlie  distribution  of  species  «ppro*dia  M 
nearly  to  what  might  have  been  expected,  if  animal*  and  planu  k*l 
been  introduced  into  the  globe  when  its  physical  geography  haJ 
already  assumed  the  feature*  which  it  now  wears ;  whcm»  we  !»•• 
that,  in  certain  districts,  considerable  geogrftpbical  diangca  !■>•' 
taken  place  since  species  identical  with  those  now  in  being  ««» 
created. 

Brocchtt  tptculations  on  lots  of  tpectei. ^Thern  and  luaj 
kindred  topics  cannot  be  fully  discussed  until  we  have  coDsidtffi 
not  merely  the  general  laws  which  may  regulate  the  first  inlrodoctioa 
of  species,  but  those  which  may  limit  their  duration  on  the  eutb. 
Brocchi  remarked,  wlien  hazarding  some  interesting  conjectora 
respecting  "the  loss  of  species,"  that  a  modern  naturalist  bid  «o 
small  assurance,  who  declared  "that  individuals  alone  were  capibit 
of  destruction,  and  that  species  were  so  perpetuated  that  natnrt 
could  not  annihilate  them,  so  long  as  the  planet  lasted,  or  at  lent 
that  nothing  less  than  the  shock  of  a  comet,  or  some  simitar  disaster, 
could  put  on  end  to  their  existence,""  The  Italian  geologist,  oo  ilx 
contrary,  had  salis6ed  himself,  that  many  species  of  Testacea,  whiel" 
formerly  inhabited  the  Med  i  terra  neon,  bad  become  extinct,  althoi^ 
a  great  number  of  others,  which  had  been  the  contemporarica  of  tboM 
lost  races,  still  survived.  He  came  to  the  opinion  that  about  half 
the  species  which  peopled  the  waters  when  the  Subapennine  strata 
were  deposited  hod  gone  out  of  existence ;  and  in  thia  iaference  ba 
does  not  appear  to  have  been  far  wrong. 

But,  instead  of  seeking  a  solution  of  this  problem,  like  ac«e  otbcr 
geologists  of  his  time,  in  a  violent  and  general  catastropbe,  BrMcbi 
endeavoured  to  imagine  some  regular  and  constant  law  by  «liicb 
species  might  be  made  to  disappear  from  the  earth  gradna%  and  ia 
succession.  The  death,  ho  suggested,  of  a  species  mi^ht  depend 
like  that  of  individuals,  on  certain  pecuUaritiea  of  connituttcai  coa- 
ferred  upon  them  at  their  birth ;  and  as  the  longevitj  of  the  om 
depends  on  a  certain  force  of  vitality,  which,  af^  a  period,  gnm 

•  KeckeT,FhTtaaool.Flulo80ph.  p.ll.i  BroceU,  CondL  Ttm.  8iAa(k.  mm>. 
p.S!9. 
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weaker  and  weaker,  so  the  duration  of  the  other  may  be  governed  by 
the  quantity  of  prolific  power  bestowed  upon  the  species  which, 
after  a  season,  may  decline  in  energy,  so  that  the  fecundity  and 
multiplication  of  individuals  may  be  gradually  lessened  from  century 
to  century,  *^  until  that  fatal  term  arrives  when  the  embryo,  incapable 
of  extending  and  developing  itself,  abandons,  almost  at  the  instant  of 
its  formation,  the  slender  principle  of  life  by  which  it  was  scarcely 
animated, — and  so  all  dies  with  it." 

Now  we  may  coincide  in  opinion  with  the  Italian  naturalist,  as  to 
the  gradual  extinction  of  species  one  after  another,  by  the  operation 
of  regular  and  constant  causes,  without  admitting  an  inherent 
principle  of  deterioration  in  their  physiological  attributes.  We 
might  concede,  ^^  that  many  species  are  on  the  decline,  and  that  the 
day  is  not  far  distant  when  they  will  cease  to  exist;"  yet  deem  it 
consistent  with  what  we  know  of  the  nature  of  organic  beings,  to 
believe  that  the  last  individuals  of  each  species  retain  their  prolific 
powers  in  their  full  intensity. 

Brocchi  has  himself  speculated  on  the  share  which  a  change  of 
climate  may  have  had  in  rendering  the  Mediterranean  unfit  for  the 
habitation  of  certain  Testacea,  which  still  continued  to  thrive  in  the 
Indian  Ocean,  and  of  others  which  were  now  only  represented  by 
analogous  forms  within  the  tropics.  He  must  also  have  been  aware 
that  other  extrinsic  causes,  such  as  the  progress  of  human  population, 
or  the  increase  of  some  one  of  the  inferior  animals,  might  gradually 
lead  to  the  extirpation  of  a  particular  species,  although  its  fecundity 
might  remain  to  the  last  unimpaired.  If,  therefore,  amid  the  vicissi- 
tudes of  the  animate  and  inanimate  world,  there  are  known  causes 
capable  of  bringing  about  the  decline  and  extirpation  of  species,  it  be- 
came him  thoroughly  to  investigate  the  full  extent  to  which  these 
might  operate,  before  he  speculated  on  any  cause  of  so  purely  hypo- 
thetical a  kind  as  "the  diminution  of  the  prolific  virtue." 

If  it  could  have  been  shown  that  some  wild  plant  had  insensibly 
dwindled  away  and  died  out,  as  sometimes  happens  to  cultivated 
varieties  propagated  by  cuttings,  even  though  climate,  soil,  and 
every  other  circumstance  should  continue  identically  the  same— if 
any  animal  had  perished  while  the  physical  condition  of  the  earth, 
and  the  number  and  force  of  its  foes,  with  every  other  extrinsic  cause, 
remain  unaltered,  then  might  we  have  some  ground  for  suspecting 
that  the  infirmities  of  age  creep  on  as  naturally  on  species  as  upon 
individuals.  But,  in  the  absence  of  such  observations,  let  us  turn 
to  another  class  of  facts,  and  examine  attentively  the  circumstances 
which  determine  the  stations  of  particular  animals  and  plants,  and 
perhaps  we  shall  discover,  in  the  vicissitudes  to  which  these  stations 
are  exposed,  a  cause  fully  adequate  to  explain  the  phenomena  under 
consideration. 

Stations  of  plants  and  ammab.— Stations  comprehend  all  the 
circumstances,  whether  relating  to  the  animate  or  inanimate  world, 
which  determine  whether  a  given  plant  or  animal  can  exist  in  a 
given  place ;  so  that  if  it  b<e  shown  thai  stations  can  become  essentially 
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luudifliMl  by  the  influence  of  known  C4UH% 
U  veil  as  indiTiduBla,  are  mortiil. 

Every  naturalist  is  fumiliar  with  the  fa 
culiir  Cttuntry,  Huch  aa  Great  Britain,  theH 
thoniaud  apeciea  of  plants,  ten  thoQsnnd  il 
in  nab  o(  the  other  doBsea ;  yet  there  wil 
drcd,  perhaps  Dot  half  that  number,  inha1 
There  may  be  no  want  of  space  in  the  I 
B  large  mountain,  or  an  extensive  moor,  a 
tuiiiing  room  enough  for  indiviJiiab  of  ei 
yet  the  epot  will  be  occupied  by  a  few  to  tb 
these  few  aro  enabled,  throughout  long  p 
^ound  successfully  against  every  intrudeifl 
lities  wliicli  species  enjoy,  by  virtue  of  ttj 
invading  adjacent  lerriloHes.  ^ 

The  principal  causei  which  t^nnhlo  a  cs^ 
thus  to  mnintiiin  their  ground  ngaiim  i/t^ 
known,  on  the  relations  between  the  pm 
apeciea,  and  the  climnle,  eicposure,  soil,  Ml 
of  the  locality.  Some  plauts  live  only  tn 
■  third  claw  in  marxhes.  Of  the  latt«l)^ 
water  monisfl,  —  others  in  sail  roorshes, 
copiously  absorb  saline  particleB.  Some  pi 
worm  latitude,  wliere,  during  the  heat  of  su 
irrigated  by  the  cool  waters  of  melting  sno\ 
BO  fatiil  to  the  generality  of  species,  affords 
The  Carex  arenaria  ond  the  Elymut  art 
vigour  on  a  sandy  dune,  obtaining  an  nsceni 
which  in  a  stiiTcIay  would  immediately  stif 

Where  the  Boil  of  a  district  is  of  bo  p 
extremely  favourable  to  certain  Bpeciea,  t 
other,  the  former  get  exclusive  possessior 
the  case  of  heaths,  live  in  societies.  In 
(•^pAajrir"'!)  is  fully  developed  in  peaty  si 
the  heath,  in  tiie  language  of  botanists,  a  i 
polies,  however,  are  not  common,  for  the 
causes.  Not  only  are  many  species  endo« 
obtain  and  keep  possession  of  nimilar  Bt« 
reasons  not  fully  eKplniooJ  by  the  physiol 
rendering  the  soil  where  it  lias  grown  li 
of  other  individuals  of  iia  own  species,  or 
same  family.  Yet  the  came  spot,  bo  far  fi 
improved,  for  plants  of  anolkir  family, 
the  soil  more  fertile  for  the  fir  tribe,  am 
oaks.  Every  agriculturist  feels  the  force  c 
world,  and  regulates  accordingly  the  routi' 
EqaUibrium  in  the  numhtr  of  fpfcies,  A 

plants  of  n  given  country,"  says  Dc  Can 

Btjle,  "w«  »*■  '"'^  ^'^^  ^^'■^  another.     ' 
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themselvei  by  chance  in  a  pardcnlftr  spot  tend,  by  the  mere  oc- 
cupftncyof  space,  to  exclude  other  speoiea — the  ipreater  choke  the 
smaller ;  the  longeit  liven  replace  thoM  which  last  for  a  shorter 
period ;  the  mora  prolific  gradualljr  make  themselres  masters  of 
the  ground,  which  spedea  multiplying  mora  slowly  would  other- 
wise eil." 

In  this  continual  strife'it  is  not  always  the  resources  of  the  plant 
itself  which  enable  it  to  maintain  or  extend  its  ground.  Its  anccess 
depends,  in  a  great  measure,  on  the  number  of  its  foes  or  allies, 
among  the  animals  and  plants  inhabiting  the  same  region.  Thus, 
for  example,  a  herb  which  loves  the  shade  may  multiply,  if  some 
tree  nith  spreading  boughs  and  dense  foliage  flourish  in  the  neigh' 
bourhood.  Another,  which,  if  unassisted,  would  he  overpowered 
by  the  rank  growth  of  some  hardy  competitor,*  is  secare  because 
its  leaves  are  unpalatable  to  cattle ;  which,  on  the  other  hand, 
annually  crop  down  its  antagonist,  and  rarely  suffer  it  to  ripen 
its  seed. 

Oftentimes  we  see  some  herb  which  has  flowered  in  the  midst  of  « 
thorny  ihruh,  when  all  the  other  individuals  of  the  same  species,  in 
the  open  fields  around,  ara  eaten  down,  and  cnnnot  bring  their  seed 
to  maturity.  In  this  case,  the  shrub  has  lent  bis  armour  of  spines 
and  prickles  to  protect  the  defenceless  herb  against  (he  mouth*  of 
the  cattle ;  and  thus  a  few  individuals  which  occupied,  perhaps,  the 
most  unfavourable  station  in  regard  to  exposure,  soil,  and  other 
circumstances,  may,  nevertheless,  by  the  aid  of  an  ally,  become  the 
principal  source  whereby  the  winds  are  supplied  with  seeds  which 
perpetuate  the  species  throughout  the  surrounding  tract.  Thus,  in 
the  Kew  Forest  in  Hampshire,  the  young  oaks  which  are  not  con- 
sumed by  the  deer,  or  uprooted  by  the  swine,  are  indebted  to  the 
holly  for  their  escape. 

In  the  above  examples  we  see  one  plant  shielding  another  from 
the  attacks  of  animals ;  but  instances  are,  perhaps,  still  more  nu- 
merous, whera  some  animal  defends  a  plant  against  the  enmity  of 
some  other  subject  of  the  vegetable  kingdom. 

Scarcely  any  beast,  observes  a  Swedish  naturalist,  will  touch  the 
nettle,  but  fifty  different  kinds  of  insects  ara  fed  by  it.*  Some  of 
these  seize  upon  the  root,  others  npon  the  stem;  some  eat  the 
leaves;  others  devour  the  seeds  and  flowers  :  but  for  this  multitude 
of  enemies,  the  nettle  (_Urtiea  diciea),  which  is  now  fonnd  in  all  the 
four  quarters  of  the  globe,  would  annihilate  a  great  number  of 
plants.  Linnxus  tells  us,  in  his  "Tour  in  Scania,"  that  goats  wera 
turned  into  an  island  which  abounded  with  the  Agrottia  arvndinaeea, 
where  they  perished  by  famine  ;  but  horses  which  followed  them 
grew  fat  on  the  same  plant.  The  goat,  also,  he  saya,  thrives  on  the 
meadow-sweet  and  water-hamlock,  plants  which  ue  itynriona  to 
cattle-t 

Agmey  of  tiueet*.— Erery  pint,  obserrei  VVIlck^  baa  its  pevpvr 

•  Aaueo.  Acad.  ToL  vL  p.  ir.  i  19.  t  Dud.  toL  Ttt.  f.  Wk. 
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insect  allotted  to  it  to  curb  its  luxurianc-jr,  nnd  to  provcot  it  bm 
multiplying  to  tbe  exclusion  of  othera.  "  Thus  graM  in  Bta 
sonielimea  llounsbea  so  as  to  exclude  all  other  pLttot* :  her 
Piialiena  graminis  {Bom&ffx  gram.'),  with  Jier  num«rout 
finds  0.  TCcU-sprefld  table ;  th«y  multiply  in  immense  nanben^  \ 
the  farmer,  for  Bome  years,  laments  the  fuilurc  of  liis  cr(>p  ;  bat, 
grass  being  consumed,  the  moths  die  with  hunger,  or  rcnovt  H 
another  place.  Now  the  quantity  of  ^aas  being  greii);  dii 
the  other  plants,  which  were  before  choked  by  it,  epriog  up,  W 
tho  ground  becomea  variegated  with  a  multitude  of  diffiirmt 
of  flowers.  Had  not  Nature  given  a.  coiuraission  to  this  nuiuMcr  it 
that  purpose  tlie  grass  would  destroy  a  great  number  of  BpeciM  J 
vegetable^  of  which  the  equilibrium  is  now  kept  up."  ' 
la  the  above  parage  aliusion  is  made  to  the  ravages 
17-10.  and  the  two  following  years,  in  many  province*  of  Sweden,  kf 
a  most  destructive  insect.  The  same  moth  is  said  nei'er  to  loodr 
the  foslad  grass,  so  that  it  may  be  classed  as  n  most  active  aQy  tal' 
benefactor  of  that  species,  and  as  peculiarly  insiruBtentml  )•  p(^ 
serving  it  in  its  present  abundance. t  A  discovery  ot  ~  '  ' 
cited  in  the  treatise  of  Wilcke  above  mentioned,  aObnla  a  good 
tration  of  the  checks  and  counter-checks  wbicli  Nature  has 
to  prp=rivp  tlie  bnlrinc'  of  power  amoii^  ?|>ecies.  '■  Th.^  /^!/.r« 
strobiUUa  has  the  fir  cone  assigned  to  it  to  deposit  its  egg)  npon: 
the  young  caterpillars  coming  out  of  the  shell  consume  tbe  cone  vA 
superfluous  seed  ;  but,  lest  the  destruction  should  be  too  geneni,  ine 
Ichneumon  stroliilelUe  lays  its  eggs  in  the  caterpillar,  insertiog  its 
long  tail  in  the  openings  of  the  cone  till  it  touches  the  indaded 
insect,  for  its  body  is  loo  large  to  enter.  Thus  it  fixes  its  minute  ft$ 
upon  the  caterpillar,  which  being  hatched,  destroys  it."} 

Entomologists  enumerate  many  parallel  cases  where  insects,  oppn- 
priated  to  certain  plants,  are  kept  down  by  other  insects,  and  tbew 
again  by  parasites  expressly  appointed  to  prey  on  tbem.{  Tew, 
perhaps,  are  in  tbe  habit  of  duly  appreciating  the  extent  to  xhick 
insects  are  active  in  preserving  the  balance  of  species  among  plants 
and  thus  regulating  indirectly  the  relative  numbers  of  many  of  tbe 
higher  orders  of  terrestrial  animals. 

The  peculiarity  of  their  agency  consists  in  their  power  of  mddeoly 
multiplying  their  numbers  to  a  degree  which  could  only  be  leeaa- 
plished  in  a  considerable  lapse  of  time  in  any  of  the  larger  uinaU 
and  then  as  instantaneously  relapsing,  without  the  interv^lica  of 
any  violent  disturbing  cause,  into  their  former  insignificance. 

If,  for  the  sake  of  employing,  on  different  but  rare  r«~™"*.  a 
power  of  many  hundred  horses,  we  were  under  the  neceaciiy  of 
feeding  all  these  animals  at  great  cost  in  the  intervals  whtn  their 
services  were  not  required,  we  should  greatly  admire  the  iDVOitisB 
of  a  machine,  such  as  the  steam-engine,  which  was  capable  at  say 
moment  of  exerting  the  same  degree  of  strength  withoni  aay  co*- 
•  Amnn.  Aca(l.,v(i1.Tip.  IT.  §11,11.        1 
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sumption  of  food  during  periods  of  inaction.  The  same  kind  of 
admiration  is  stronglj  excited  when  we  contemplate  the  powers  of 
insect  life,  in  the  creation  of  which  the  Author  of  Nature  has  been  so 
prodigal.  A  scanty  number  of  minute  individuals,  to  be  detected 
only  by  careful  research,  are  ready  in  a  few  days,  weeks,  or  months, 
to  give  birth  to  myriads,  which  may  repress  any  degree  of  monopoly 
in  another  species,  or  remove  nuisances,  such  as  dead  carcases,  which 
might  taint  the  air.  But  no  sooner  has  the  destroying  commission 
been  executed  than  the  gigantic  power  becomes  dormant — each  of 
the  mighty  host  soon  reaches  the  term  of  its  transient  existence,  and 
the  season  arrives  when  the  whole  species  passes  naturally  into  the 
egg,  and  thence  into  the  larva  and  pupa  state.  In  this  defenceless 
condition  it  may  be  destroyed  either  by  the  elements,  or  by  the  aug- 
mentation of  some  of  its  numerous  foes  which  may  prey  upon  it  in 
the  early  stages  of  its  transformation  ;  or  it  often  happens  that  in  the 
following  year  the  season  proves  unfavourable  to  the  batching  of  the 
eggs  or  the  development  of  the  pupte. 

Thus  the  swarming  myriads  depart  which  may  have  covered*thfi 
▼egetatioQ  like  the  aphides,  or  darkened  the  air  like  locnsts.  In 
ftlmost  every  season  there  are  some  species  which  in  this  manner  put 
forth  their  strength,  and  then,  like  Milton's  spirits,  which  thronged 
the  spacious  hall,  "reduce  to  smallest  forms  their  shapes  immense" — 

So  thick  the  tetj  crowd 

Swarm'd  and  were  straiten'd  -,  till,  the  signal  giren. 
Behold  a  wonder  !  they  bat  noir  who  Kem'd 
In  bigneu  to  aurpon  earth's  ^ant  m>ds. 
Now  less  ihan  smallest  dwarfs. 

A  few  examples  will  illustrate  the  mode  in  which  this  force 
operates.  It  is  well  known  that,  among  the  countless  species  of  the 
insect  creation,  some  feed  on  animal,  others  on  vegetable  matter ;  and, 
upon  considering  a  catalogue  of  eight  thousand  British  Insects  and 
Arachnidae,  Mr.  Kirby  found  that  these  two  divisions  were  nearly  a 
counterpoise  to  each  other,  the  carnivorous  being  somewhat  pre* 
ponderant  There  are  also  distinct  species,  some  appointed  to 
consume  living,  others  dead  or  putrid  animal  and  vegetable  sub- 
stances. One  female,  of  Matca  carnaria,  will  give  hirth  to  twenty 
thousand  young  ;  and  the  larvte  of  many  flesh-fiies  devour  so  much 
food  in  twenty-four  hours,  and  grow  so  quickly,  as  to  increase  their 
freight  two  hundred-fold  I  In  five  days  af^r  being  hatched  they 
arrive  at  their  full  growth  and  size,  so  that  there  was  ground,  says 
Kirby,  for  the  assertion  of  Linmeus,  that  three  flies  of  M.  vomitoria 
could  devours  dead  horse  as  quickly  as  a  lion*;  and  another  Swedish 
naturalist  remarks,  that  so  great  are  the  powers  of  propagation  of  a 
single  species  even  of  the  smallest  insects,  that  each  can  commit, 
when  required,  more  ravages  than  the  elephant,  t 

Next  to  locusts,  the  aphides,  perhaps,  exert  the  greatest  power 
over  the  vegetable  world,  and,  like  them,  are  sometimes  so  numerous 

■  Kirby  and  Spence,  vol  L  p.  ISO.  f  ^ilcke,  Ammk  AjmA.  ^  vu 
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as  to  Jarkon  the  air.  The  multiplicalS; 
-without  parallel,  and  almost  evory  pli 
Reaumur  has  proved  that  in  five  geiuq 
progenitor  of  5,004,900,000  dceccndabH 
0D«  ;oar  there  may  bo  twenty  general 
that,  as  among  caterpillars  we  find  eoi 
uoaltenibiy  altachetl  to  one  or  more  pari 
others  tliat  feed  indi»criRiiiiately  ou  mt 
precisely  with  the  aphides;  some  are  pft 
feeders  ;  and  aa  they  reaembli:  otlier  ins 
do  aliM  ill  being  more  abundant  in  eume 
1793  ihuy  Here  tJie  chier,  and  in  1~9&^ 
of  thu  l>ops.  In  1794,  n  season  almoaU 
hop  was  perfectly  fre«  from  thero ;  wiuC 
tbu  former,  sutTurcd  very  much  from  tlua 
The  ruvagea  of  the  caterpillars  of  aom 
n  good  illustrnliuu  of  the  temporary  incr 
treA  of  a  eonsiJurabIa  wood  have  be9a 
bare  as  in  winter,  by  the  caterpillara  oft 
viridana),  which  has  beeu  observed  iha  j| 
The  silver  Y  moth  {Plusia  gammn').  a1 
Epceiet>,  is  not  dreaded  liy  us  for  il9  d 
their  mterpillara  have  at  tjniea  created  i 
Reaumur  obf^nea  that  the  fnmale  mo' 
eggs ;  so  (hat  if  twenty  caterpillars  were 
all  lived  through  the  winter  and  becaL 
May,  the  eggs  laid  by  these,  if  half  ol 
fertili',  would  in  the  nest  generation  pn 
A  modern  writer,  therefore,  justly  obaer 
put  causes  in  operation  to  keep  them  in 
of  this  moth  alone,  leaving  out  of  com 
other  Briiish  species,  might  soon  destroy 

In  tlie  latter  part  of  the  last  century 
the  sugar-cane  \FormUa  »<icekarivnra\ 
lio^ts  in  the  island  of  Granada,  as  to  pu 
that  vegetable.  Their  numbers  were  ii 
and  rouds  were  filled  with  them;  manydi 
with  rale,  mice,  and  reptiles,  and  even  bi; 
of  this  plague.  It  woa  not  till  1780  tbi 
hilaled  by  torrents  of  rain,  which  accomp 

Devastations  cau4ed  by  locualt. — We  i 
H'liiu:  instances  of  the  devastations  of  I 
Among  other  parts  of  Africa,  Cyrenaic:i 
infested  by  myriads  of  theso  creatures  i 

■  Kirbr  and  Spence,  voL  L  p.  ITl.  |  li 

I  TritDB.  Linn.  Sue  «ol.  vL  ^l  919 

t  lib.  F.nt,    Kngw.,   lasect    Tnun.,  ^  f 
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every  green  thing.  The  effect  of  the  havoc  committed  bj  them  may 
be  estimated  bj  the  famine  they  occasioned.  St.  Augustin  mentions 
a  plague  of  this  kind  in  Africa  which  destroyed  no  less  than  800,000 
men  in  the  kingdom  of  Massinissa  alone,  and  many  more  upon  the 
territories  bordering  upon  the  sea.  It  is  also  related,  that  in  the 
year  691,  an  infinite  army  of  locusts  migrated  from  Africa  into  Italy; 
and,  after  grievously  ravaging  the  country,  were  cast  into  the  sea, 
when  there  arose  a  pestilence  from  their  stench  which  carried  off 
nearly  a  million  of  men  and  beasts. 

In  the  Venetian  territory,  also,  in  1478,  more  than  thirty  thousand 
persons  are  said  to  have  perished  in  a  famine  occasioned  by  this 
scourge;  and  other  instances  are  recorded  of  their  devastations  in 
France,  Spain,  Italy,  Germany,  &c.  In  different  parts  of  Russia 
also,  Hungary,  and  Poland, — in  Arabia  and  India,  and  other  countries, 
their  visitations  have  been  periodically  experienced.  Although 
they  have  a  preference  for  certain  plants,  yet,  when  these  are  con- 
sumed, they  will  attack  almost  all  the  remainder.  In  the  accounts  of 
the  invasions  of  locusts,  the  statements  which  appear  most  marvellous 
relate  to  the  prodigious  mass  of  matter  which  encumbers  the  sea 
wherever  they  are  blown  into  it,  and  the  pestilence  arising  from  its 
putrefaction.  Their  dead  bodies  are  said  to  have  been,  in  some  places, 
heaped  one  upon  another,  to  the  depth  of  four  feet,  in  Russia,  Poland, 
and  Lithuania;  and  when,  in  Southern  A^ica,  they  were  driven  into 
the  sea,  by  a  north-west  wind,  they  formed,  says  Barrow,  along  the 
shore,  for  fifty  miles,  a  bank  three  or  four  feet  high.*  But  when  we 
consider  that  forests  are  stripped  of  their  foliage,  and  the  earth  of  its 
green  garment,  for  thousands  of  square  miles,  it  may  well  be  sup- 
posed that  the  volume  of  animal  matter  produced  may  equal  that  of 
great  herds  of  quadrupeds  and  flights  of  large  birds  suddenly  pre- 
cipitated into  the  sea. 

The  occurrence  of  such  events  at  certain  intervals,  in  hot  countries, 
like  the  severe  winters  and  damp  summers  returning  after  a  series  of 
years  in  the  temperate  zone,  may  affect  the  proportional  numbers  of 
almost  all  classes  of  animals  and  plants,  and  probably  prove  fatal  to 
the  existence  of  many  which  would  otherwise  thrive  there ;  while, 
on  the  contrary,  the  same  occurrences  can  scarcely  fail  to  be  favour- 
able to  certain  species  which,  if  deprived  of  such  aid,  might  not  main- 
tain their  ground. 

Although  it  may  usually  be  remarked  that  the  extraordinary 
increase  of  some  one  species  is  immediately  followed  and  checked  by 
the  multiplication  of  another,  yet  this  does  not  always  happen ;  partly 
because  many  species  feed  in  common  on  the  same  kinds  of  food,  and 
partly  because  many  kinds  of  food  are  often  consumed  indifferently 
by  one  and  the  same  species.  In  the  former  case,  where  a  variety  of 
different  animals  have  precisely  the  same  taste,  as,  for  example,  when 
many  insectivorous  birds  and  reptiles  devour  alike  some  particular 
fly  or  beetle,  the  unusual  numbers  of  these  inse<;t8  may  cause  only  a 

•  Trarelflin  Afirica,  p.  357.    Kirby  and  Spence,  tqL  i  V*  ^^^ 
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gltglit  and  uliDDSC  imperceptible  oagmcntBtton  of  each  of  than 
of  bird  and  reptile.  In  tlie  other  instance,  where  oav  uiiiBa 
on  others  of  almost  every  olasa,  as,  fur  exmnplp,  wherv  oar  1 
buzEards  devour  nut  only  small  quadrupeds,  as  rabbits  bimI 
but  ulso  birds,  frogs,  lieurds,  and  insects,  the  profusion  of  taj 
these  last  may  cause  all  such  general  feeders  to  subsist  Bom  i 
sively  upon  the  species  thus  in  excess,  by  which  mcaiu  tlw 
may  be  restored. 

Agency  of  omnivorous  animatn. — The  number  of 
nearly  omnivorous  is  considerable;  and  although 
perhaps,  a  predilection  for  some  one  description  of  food 
Another,  yet  some  are  not  cTeu  confined  to  one  of  th«  |E;T«at 
of  tho  organic  world.    Thus,  when  the  racoon  of  the  Vft'Mt  ladies 
procure   neither  fowls,   fish,   8lJail^  nor  insects,    it  wHl   attack 
flugnr-canes,  nnd  devour  various  kinds  of  grain.     The  civet^  «| 
.  aninial  food  is  scarce,  maintain  themselves  on  fraita  and  root*. 
Numerous  birds,  which  feed  indiscriminately  on  itiaeeto  uoA 
(ire   perliBps  more  instrumental   than  any  other  of  ifae 
,  tribes  in  preeerving  a  constant  equilibriuni    b«ttre«D   the  nk 
I  Bombers  of  difTerent  classes  of  animals  and  vegetables.    If  HkIh 
become  very  numerous  and  devour  the  plants,  these  birds  «ill 
medialfly  derive  a  larger  portion  of  their   subsistence  from  invCK 
just  as  the  Arabians,  Syrians,  and  Hottentots  feed  on  locufts,  via 
the  locusts  devour  thdr  crops. 

Reciprocal  injluence  0  agunlic  and  terrestrud  tpfrio.  —  lia 
intimate  relation  of  the  inhabitants  of  the  water  to  those  of  the  M 
and  the  influence  e^certed  by  each  on  tho  relative  number  of  ffM4 
must  not  be  overlooked  amongst  the  complicated  causes  whirfc^ 
termine  tiie  existence  of  animals  and  plants  in  certain  rvgioai.  1 
large  portion  of  the  amphibious  quadrupeds  and  reptile*  prey  ftr^ 
on  aquatic  plants  and  animals,  nnd  in  part  on  terrestrial ;' sal  t 
deficiency  of  one  kind  of  prey  causes  them  to  have  iiiiwilMl 
recourse  to  the  other.  The  voracity  of  certain  insects,  a*  ill 
dragon-fly,  for  example,  is  confined  to  the  waler  during  one  M^trf 
ihcir  transformations,  and  in  their  perfect  state  to  the  air.  lasM^ 
Table  water-birds,  both  of  rivers  and  seas,  derive  in  like  manBtflhar 
food  Indifl'erently  from  either  element ;  so  that  tba  ilimiiiwii  ■ 
scarcity  of  prey  in  one  induces  them  either  to  for«ake  or  mm  i» 
stantly  to  haunt  the  other.  Thus  an  intimate  connectiMi  Ut»m 
the  state  of  the  animate  creation  in  a  lake  or  river,  and  ta  d(' 
adjoining  dry  laud,  is  mainlainud ;  or  between  a  continent,  with  k 
lakes  and  rivers,  and  the  ocean.  It  is  well  known  that  many  biiA 
migrate,  during  storm;  seasons,  from  the  sea-shore  into  tbe  iounc 
in  search  of  food ;  while  others,  on  the  contrnrr,  ut^ed  bv  hke  nsK 
forsake  their  inland  haunts,  and  live  on  Sobstances  rrjccud  bj  It*  . 
tide. 

The  migration  of  fish  into  rivers  during   tho    spsKroiRg 
suppUes  Another  link  of  the  same  kind.     Suppose  tlw  satmw  (■ 
redaceiVn  miiaVta^i^  wim*.  lawvivt  foes,  as  by  seaU  anil 
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the  consequeDce  must  often  be,  that  in  the  course  of  a  few  years  the 
otters  at  the  distance  of  several  hundred  miles  inland,  will  be  lessened 
in  number  from  the  scarcity  of  fish.  On  the  other  hand,  if  there  be 
a  dearth  of  food  for  the  young  fry  of  the  salmon  in  rivers  and  estu- 
aries, 80  that  few  return  to  the  sea,  the  sand-eels  and  other  marine 
species,  which  are  usually  kept  down  by  the  salmon,  will  swarm  in 
greater  profusion. 

It  is  unnecessary  to  accumulate  a  greater  number  of  illustrations 
in  order  to  prove  that  the  stations  of  different  plants  and  animals 
depend  on  a  great  complication  of  circumstances, — on  an  immense 
variety  of  relations  in  the  state  of  the  animate  and  inanimate  worlds. 
Every  plant  requires  a  certain  climate,  soil,  and  other  conditions, 
and  often  the  aid  of  many  animals,  in  order  to  maintain  its  ground. 
Many  animals  feed  on  certain  plants,  being  often  restricted  to  a  small 
number,  and  sometimes  to  one  only ;  other  members  of  the  animal 
kingdom  feed  on  plant-eating  species,  and  tlius  become  dependent  on 
the  conditions  of  the  stations  not  only  of  their  prey,  but  of  the  plants 
consumed  by  them. 

Having  duly  reflected  on  the  nature  and  extent  of  these  mutual 
relations  in  the  different  parts  of  the  organic  and  inorganic  worlds, 
we  may  next  proceed  to  examine  the  results  which  may  be  anticipated 
from  the  fluctuations  now  continually  in  progress  in  the  state  of  the 
earth's  surface,  and  in  the  geographical  distribution  of  its  living 
productions. 


CHAPTER  XLL 

EXTINCTION   OF   SPECIES. — CHANGES  IN  THE   STATIONS  OP   ANIMALS. 

Sxtension  of  the  range  of  one  species  alters  the  condition  of  many  others — The 
first  appearance  of  a  new  species  causes  the  chief  disturbance  —  Changes  known 
to  have  resulted  from  the  advance  of  human  population — Whether  man  in- 
creases the  productive  powers  of  the  earth — Indigenous  quadrupeds  and  birds 
extirpated  in  Great  Britain  —  Extinction  of  the  dodo — Rapid  propagation  of 
domestic  quadrupeds  in  America — Power  of  exterminating  species  no  preroga- 
tive of  man — Concluding  remarks. 

We  have  seen  that  the  stations  of  animals  and  plants  depend  not 
merely  on  the  influence  of  external  agents  in  the  inanimate  world, 
and  the  relations  of  that  influence  to  the  structure  and  habits  of  each 
species,  but  also  on  the  state  of  the  contemporary  living  beings  which 
inhabit  the  same  part  of  the  globe.  In  other  words,  the  possibility  of 
the  existence  of  a  certain  species  in  a  given  place,  or  of  its  thriving 
more  or  less  therein,  is  determined  not  merely  by  temperature,  humi- 
dity, soil,  elevation,  and  other  circumstances  of  the  lilce  kind ;  but 
also  by  the  existence  or  non-existence,  the  abundance  or  scarcity,  of 
a  particular  assemblage  of  other  plants  and  animals  in  the  same 


678  EFFECT  OF   THE  EXTESSION  [Ofc! 

If  it  be  abown  thut  both  thece  cluees  of  circa msUneci^  wk 
relating  to  tlie  aoimate  or  inanimate  creation,  are  purpetuallj-  di 
inp,  it  will  follow  that  tipecies  are  subject  to  inceaakot  » ii  Juili 
Hnd  if  the  result  of  these  mulations.  in  the  course  of  agi±%  b«  m  i 
as  loaterially  to  affect  the  general  condiiion  of  alatumm,  tt  will  t 
that  the  euccessire  destruction  of  species  muai  noir  be  part  cf  I 
regular  anil  constaot  order  of  nature. 

Exlnttioa  ofilte  range  of  one  $p«ciei  altera  the  eonJiimm  «f  ^ 
—  It  will  be  d<^eirable>  iir^t,  to  comitder  the  effects  which  ererjol 
sion  of  the  numbers  or  guograpliical  range  of  unc  Bp«eie«  nw  | 
duce  on  the  condition  of  others  inhabiting  the  s«m«  regioas.  V) 
the  necessary  consequences  of  Bucli  extensions  have  beea  It 
explained,  Ihe  reader  will  be  prepared  to  appreciate  the  tapofl 
inSjence  which  slight  modificatiuns  in  the  physical  geography  tf 
globe  may  exert  on  the  condition  of  organic  beings. 

In  the  first  place,  it  ia  clear  that  when  anj  rcgioa  is  stocked  1 
as  great  a  variety  of  animals  and  plants  as  the  prodnctive  ptMHi 
that  region  will  enable  it  to  support,  the  addition  of  bdj  new  «pa 
or  the  permanent  numerical  increase  of  one  previoasly 
niiiet  always  be  attended  either  by  the  local  exterminalMn 
numerical  decrease  of  some  other  species. 

There  may  undoubtedly  be  considerable  fluctuations  from  nark 
year,  and  the  equilibrium  may  be  again  restored  without  any  y^ 
nent  alteration  ;  for,  in  particular  seasons,  a  greater  supply  ti  kai( 
humidity,  or  oilier  causes,  may  augment  the  total  quantity  of  *«{^ 
table  produce,  in  wliich  case  all  the  animals  subsisting  on  ragMlk 
food,  and  others  which  prey  on  ihem,  may  multiply  withoMi^** 
species  giving  way  :  but  whilst  the  aggregate  quantity  of  vegcttMl 
produce  remains  unaltered,  the  progressive  increase  of  ooe  mIhIS 
plant  implies  the  decline  of  another. 

All  agriculturists  and  gardeners  are  familiar  i«ith  the  bet  tW 
when  weeds  intrude  themselves  into  the  space  appropriated  ucrffr 
vated  species,  the  latter  are  starved  in  their  growth  or  stitted.  If  ■■ 
abandon  for  a  short  time  a  field  or  garden,  a  bust  of  inlifcMB 
plants, 

Tbo  darnel,  bemluck,  and  rank  faaoMrj, 

pour  in  and  obtain  the  mastery,  extirpating  the  exotics,  or  p<Di| 
an  end  to  the  monopoly  of  some  native  plants. 

If  we  inclose  a  park,  and  stock  it  with  as  many  deer  as  the  hRta|l 
will  support,  we  cannot  add  sheep  without  le^senin^  tbetias^^ 
the  deer;  nor  can  other  herbivorous  species  be  sub^eqnenllr  iaa» 
duced,  unless  the  individuals  of  each  species  in  the  park  bs^A 
fewer  in  proportion. 

So,  if  there  be  an  island  where  leopards  are  the  o«iIy  fc"*  • 
prey,  and  the  lion,  tiger,  and  liyrena  afterwards  cntrr,  the  iMpaA* 
they  stand  their  ground,  will  be  reduced  in  nomber.  If  th»  b^ 
then  arrive  and  swarm  greatly,  they  may  deprivv  m  larg«  iMBte^ 
p\ant-e&l\ug  &mcka^  o^  'Cci«u  &>(vi,  and  thereby  catuo  a  iania^  '. 
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only  among  them,  but  among  the  bea«ts  of  prey :  certain  species 
perhaps,  which  had  the  weakest  footing  in  the  island  may  thus  be 
annihilated. 

We  have  seen  how  many  distinct  geographical  provinces  there  are 
of  aquatic  and  terrestrial  species,  and  how  great  are  the  powers  of 
migmtion  conferred  on  different  dosses,  whereby  the  inhabitants  of 
one  region  may  be  enabled  from  time  to  time  to  invade  another,  and 
do  acEuolly  bo  migrate  and  diffuse  themselye»  over  new  countries. 
'  Now,  although  our  knowledge  of  the  history  of  the  animate  creation 
dates  from  so  recent  a  period,  that  we  can  scarcely  trace  the  advance 
or  decline  of  any  antraal  or  plant,  except  in  those  cases  where  the 
'  influence  of  man  has  intervened;  yet  we  can  easily  conceive  what 
must  happen  when  some  new  colony  of  wild  animals  or  plants 
enters  n  region  for  the  first  lime,  and  succeeds  in  establishing 
itself. 

Suppottd  effecU  of  the  jirit  enlranee  of  the  polar  bear  into 
Iceland. — Let  us  consider  how  great  are  the  devastations  committed 
at  certain  periods  by  the  Greenland  bears,  when  they  are  drifted  to 
the  shores  of  Iceland  in  considerable  numbers  on  the  ice.  These 
periodical  invasions  are  formidable  even  to  man ;  bo  that  when  the 
bears  arrive,  tbe  inhabitants  collect  together,  and  go  in  pursuit  of 
tbem  with  fire-arms  —  each  native  who  slays  one  being  rewarded  by 
the  king  of  Denmark.  The  Danes  of  old,  when  they  landed  in  their 
marauding  expeditions  upon  our  coast,  hardly  excited  more  alarin, 
nor  did  our  islanders  muster  more  promptly  for  the  defence  of  their 
lives  and  property  against  the  common  sDemy,  than  the  modem 
Icelanders  against  these  formidable  brutes.  It  often  happens,  says 
Henderson,  that  the  natives  are  pursued  by  the  bear  when  he  has 
been  long  at  sea,  and  when  his  natural  ferocity  has  been  heightened 
by  the  keennfess  of  hunger;  if  unarmed,  it  is  frequently  by  stratagem 
only  that  they  make  their  escape." 

Let  U8  cast  our  thoughts  back  to  the  period  when  the  first  polar 
bears  reached  Iceland,  b«fore  it  was  colonized  by  the  Norwegians  in 
874  i  we  may  imagine  the  breaking  up  of  an  immense  barrier  of  ice 
like  that  which,  in  1816  and  the  following  year,  disappeared  from 
the  east  coast  of  Greenland,  which  it  bad  surrounded  for  four 
centuries.  By  the  aid  of  such  means  of  transportation  a  greftt 
nnmher  of  these  quadrupeds  might  effect  a  landing  at  the  same  time, 
and  the  havoc  which  they  would  make  among  the  species  previously 
settled  in  the  island  would  be  terrific.  ITie  deer,  foxes,  seals,  and 
even  birdp,  on  which  these  animals  sometimes  prey,  would  be  soon 
thinned  down. 

But  this  would  be  a  part  only,  and  probably  an  insignificant 
portion,  of  the  aggregate  amount  of  change  brought  about  by  the 
new  invader.  The  plants  on  which  the  deer  fed,  being  less  consumed 
in  consequence  of  the  lessened  numbers  of  that  herbivorous  species, 
would  soon  supply  more  food  to  several  insects,  and  probably  to 
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some  terrestrial  tcstacea,  so  that  the  latter  would  gtiia  grtiutiil  1 
incrcaee  of  these  would  furnish  other  insects  and  hirda  with  (mi, 
that  the  numbers  of  these  Inst  would  he  augmentt^d.  Tbo  dimlwi 
of  the  seals  would  afford  a  respite  to  some  fish  wriiicb  iInj  1 
persecuted;  and  these  fish,  in  their  turn,  would  then  mnllip^l 
prees  upon  their  peculiar  prey.  Slanj  water-fowls.  the  egp  I 
young  of  which  are  devoured  by  foxes,  would  inerekse  whw  I 
foxes  were  thinned  down  by  the  beors;  and  the  fish  on  wimhi 
water-fowls  eubsisted  would  then,  in  their  turn,  be  lea»  oiUDM 
Thus  the  numerical  proportions  of  a  great  number  of  the  inkdaia 
both  of  the  land  and  sea,  might  be  permanently  altered  by  ibe  «cd 
of  one  new  speeiea  in  tlie  region  ;  and  the  changes  canoed  indini 
would  ramify  through  all  classes  of  the  living  creation,  and  be  ita 
endless. 

An   actual    illustration   of   what   we   have    here    only   pnip> 
hypothetical ly,    is    in    aome  degree    afforded    by    the    selectiM 
email  islands  by  the  eider  duck  for  it*  residence  during  ibe  Hi 
of  incubation,  ita  nest  being  seldom  if  ever  founil  on  ibe  tbara 
the  main  land,  or  even  of  a  large  island.     The  Icelanders  ore  ■»■ 
aware  of  tlii^,  that  they  have  expended  a  great  Oeol  of  hbear^ 
forming  artificial  islands,  by  separating  from  the  main  land  «(*'l 
promontiiries,  joined  to  it  by  narrow  ifthmuse-.     Thli  in?:itir  iwwlki 
is  lJecp(^sary  to  guard  against  the  ili-s(riicliijii   "l"   tliv  i-^'^-  .;-.i|  ;■   -i^ 
birds,  by  foxes,  dogs,  and  other  animals.     One  year,  says  Hfotrr,  ii 
happened  that,  in  the  small  island  of  Vidoe,  adjoining  the  cotstrf 
Iceland,  a  fox  got  over  upon  the  ice,  and  caused  great  alanti.  u  in 
immense  number  of  ducks  were  then  sitting  on  tht-ir  eggs  or  joo!^ 
ones.      It  was  lon^;  before  he  was  taken,  which  was   at  last,  boK»»w. 
effected  by  bringing  another  fox  to  the  island,  and  fastening  it  by  % 
airing  near  the  haunt  of  the  former,  by  which  he  was  allured  witbii 
shot  of  the  hunter.* 

Thejirst  appearance  of  a  new  speciet  causes  the  chief  distttriaKO. 
— It  is  usually  the  first  appearance  of  an  animal  or  plant,  in  a  regioi 
to  which  it  was  previously  a  stranger,  that  gives  rise  to  tht  chirf 
alteration;  since,  after  a  time,  an  equilibrium  is  again  establiib^ 
But  it  must  require  ages  before  such  a  new  adjustment  o(  At 
relative  forces  of  so  many  conflicting  agents  can  be  definitely  xuki- 
The  causes  in  simultaneous  action  are  so  numerous,  that  they  adak 
of  an  almost  inlinile  number  of  combinations  ;  and  it  is  neces.'aiv 
that  all  these  should  have  occurred  once  before  the  total  amoont  rf 
change,  capable  of  fiowing  from  any  new  disturbing  force,  ctn  bt 
estimated. 

Thus,  for  example,  suppose  thnt  once  in  two  centuries  a  froftcf 
unusual  intensity,  or  a  volcanic  eruption  of  great  violence  »cn»- 
pnied  by  floods  from  the  melting  of  glaciers,  should  occur  is 
Iceland ;  or  an  epidemic  disease,  fatal  to  the  larger  number  rf 
individuals  of  some  one  species,  and  not  affecting    othera,  — thw 
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and  a  variety  of  other  contingeDcies,  all  of  which  may  occur  at  once, 
or  Bt  periods  separated  by  different  intervals  of  time,  ought  to  happen 
before  it  would  be  possible  for  us  to  declare  what  ultimate  alteratioa 
the  presence  of  any  new  comer,  such  as  the  bear  before  mentioned, 
might  occasion  in  the  animal  population  of  the  isle. 

Every  new  condition  in  the  8tat«  of  the  organic  or  inorganic  crea- 
tion, a  new  animal  or  plant,  an  additional  snow-clad  mountain,  any 
permanent  change,  however  slight  in  comparison  to  the  whole,  givea 
rise  to  a  new  order  of  things,  and  may  make  a  material  change  in 
regard  to  some  one  or  more  species.  Yet  a  swarm  of  locusts,  or  a 
frost  of  extreme  intensity,  or  an  epidemic  disease,  may  pass  away 
without  any  great  apparent  derangement;  no  species  may  be  lost, 
and  ail  may  soon  recover  their  former  relative  numbers,  because  the 
same  scourges  may  have  visited  the  region  again  and  again,  at  pre- 
ceding periods.  Every  plant  that  was  incapable  of  resisting  such  a 
degree  of  cold,  every  animal  which  was  exposed  to  be  entirely  cut  off 
by  an  epidemic  or  by  famine  caused  by  the  consumptioa  of  vegeta- 
tion by  tlie  locusts  may  have  perished  already,  so  that  the  subsequent 
recurrence  of  similar  catastrophes  is  attended  ooly  by  a  temporary 
change. 

Change!  caused  by  Man, 

We  are  best  acquainted  with  the  mutations  brought  about  by  the 
progress  of  human  population,  and  the  growth  of  plants  and  animals 
favoured  by  man.  To  these,  therefore,  we  should  in  the  first  instance 
turn  our  attention.  If  we  conclude,  from  the  concurrent  testimony  of 
history  and  of  the  evidence  yielded  by  gaologicid  data,  that  roan  is, 
comparatively  speaking,  of  very  modern  origin,  we  must  at  once  per- 
ceive how  great  a  revolution  in  the  slate  of  the  animate  world  the 
increase  of  the  human  race,  considered-  merely  as  consumers  of  a 
certain  quantity  of  organic  matter,  must  necessarily  cause. 

fVJietker  man  increasei  the  productive  potoert  of  the  earth, — It  may 
perhaps,  be  said,  that  man  has,  in  some  degree,  compensated  for  the 
appropriation  to  himself  of  so  much  food,  by  artificially  improving 
the  natural  productiveneta  of  soils,  by  irrigation,  manure,  and  a  judi- 
cious intermixture  of  mineral  ingredients  conveyed  from  different 
localities.  But  it  admits  of  reasonable  doubt  whether,  upon  the 
whole,  we  fertilize  or  impoverish  the  lands  which  we  occupy.  This 
assertion  may  eeem  startling  to  many;  because  they  are  so  much  in 
the  habit  of  regarding  the  sterility  or  productiveness  of  land  in  rela- 
tion to  the  wants  of  man,  and  not  as  regards  the  organic  world 
generally.  It  is  difficult,  at  first,  to  conceive,  if  a  morass  is  converted 
into  arable  land,  and  made  to  yield  a  crop  of  grain,  even  of  moderate 
abundance,  that  we  have  not  improved  the  capabilities  of  the  habit- 
ftble  surface  —  that  we  have  not  empowered  it  to  support  a  larger 
quantity  of  organic  life.  In  such  cases,  however,  a  tract,  before  of 
no  utility  to  man,  may  be  reclaimed,  and  become  of  high  agricultural 
importance,  though  it  may,  nevertheless,  yield  a  scantier  vegetation. 
If  a  lake  be  drained,  and  toroed  into  a  meadow,  the  space  will 
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provide  suBlennnoe  to  man,  and  mnnj  lerrestrisl  aninu]*  wrririitt 
to  bim,  but  not,  perhaps,  so  much  food  eu  it  proiioa^y  T)«id«d  to  ik 
aquatic  riic«s< 

If  the  pestiferous  Pontine  mnrahes  wero  drained,  an^  oowd 
with  com,  like  the  plains  of  the  Po,  they  might,  pcrhnpt,  fall 
smaller  number  of  animula  than  thej  do  now  ;  for  these  atonm 
are  filled  with  herds  of  buffaloes  and  ewine,  and  they  awarm  vii 
birds,  reptiles,  and  insects. 

The  felling  of  dense  and  lofty  forests,  which  covered,  even  vita 
the  records  of  hiatory,  a  coDsiderable  space  on  tli«  globes  M* 
tenanted  by  civilized  man,  must  generally  have  leaaenpd  ibe  hmMI 
of  vegetable  food  throughout  the  space  where  these  woods  gnw.  Vt 
must  also  toko  into  our  account  the  area  ooTered  by  towu^  Ml  • 
still  larger  surface  occupied  by  roads. 

If  we  force  the  soil  to  bear  extraordinary  crops  one  jtmr,  wc  ai% 
perhaps,  compelled  to  let  it  lie  fallow  the  next.  Bat  nothi^  • 
much  counterbalances  the  fcrtiliEing  effects  of  haman  art  m  ^ 
exteusire  cullivation  of  foreign  herbs  and  shrubs,  which,  alibon^ 
they  arc  often  more  nutritious  to  man,  seldom  tlirive  with  tbe  mat 
rank  luxuriance  as  the  native  plants  of  a  district.  Mao  h,  im  BMfc' 
eoniinuully  striring  to  diminish  the  natural  diversity  bf  theiMliHi' 
of  animals  and  plants  in  every  country,  and  lo  reduc*  tli<-m  all  Ml 
small  number  fitted  for  species  of  economical  use.  He  may  soMMd 
perfectly  in  attaining  his  object,  even  though  the  vegetation  be  am- 
paralively  meagre,  and  the  total  amount  of  animal  life  be  greatly 
lessened. 

Spix  and  Mnriius  have  |lven  a  lively  description  of  tbe  incndiUt 
number  of  insects  which  lay  waste  the  crops  in  Brazil,  besides  swarw 
of  monkeys,  flocks  of  parrots,  and  other  birds,  as  well  as  tbe  pao. 
agouti,  and  wild  swine.  They  describe  the  torment  which  the  plaaia 
and  the  naturalist  suffer  from  the  musquiloes,  and  the  devastation  tt 
the  ants  and  blattas ;  they  speak  of  the  dangers  to  which  they  rtn 
exposed  from  the  jaguar,  the  poisonous  serpents,  crocodiles, 
centipedes,  and  spiders.  But  with  the  increasing  popalati 
cultivation  of  the  country,  mj  these  natHralista,  these  evils  «ill 
gradually  diminish  ;  when  the  inhabitants  have  cut  down  the  irocdh 
drained  the  marshes,  made  roads  in  all  directions,  and  foonded 
villages  and  towns,  man  will,  by  degrees,  triumph  over  the  rank 
vegetation  and  the  noxious  animals,  and  all  tbe  elements  will  wetooA 
and  amply  recompense  his  activity." 

The  number  of  human  beings  now  peopling  the  earth  i*  supposed 
to  amount  to  eight  hundred  milliona,  so  that  we  may  easily  ODda^taad 
how  great  a  number  of  beasts  of  prey,  birds,  and  animal*  of  evety 
class,  this  prodigious  population  must  have  displaced,  independoitly 
of  the  still  more  important  consequences  which  have  fdlowcd  fteM 
the  derangement  brought  about  by  man  in  tbo  relative  nimMried 
strength  of  particular  species. 

■  TraTeli  in  Bniil,  toL  i  p.  IM. 
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Ittdigenoua  quadruped*  and  birdt  extirpated  in  Great  Britain. — 
Xet  ua  make  some  inquiries  iato  the  extent  of  the  influence  vhich 
the  progress  of  society  has  exerted  during  the  last  seven  or  eight 
centuriesi  in  altering  the  distribution  of  indigenous  British  animals. 
Dr.  Fleming  bas  prosecuted  this  inquiry  with  his  usual  zeal  and 
ability ;  and  in  a  memoir  on  the  suhjdct  has  enumerated  the  best- 
authenticated  examples  of  the  decrease  or  extirpation  of  certain 
species  iluring  a  period  when  our  population  has  made  the  most 
rapid  advances.     I  shall  offer  a  brief  outline  of  his  results.* 

The  stag,  as  well  as  the  fallow  deer  and  the  roe,  were  formerly  so 
abundant  in  our  island,  that,  according  to  Lesley,  from  five  hundred 
to  a  thousand  were  sometimes  slain  at  a  hunting-match;  but  the 
native  races  would  already  have  been  extinguished,  had  they  not  been 
carefully  preserved  in  certain  forests.  The  otter,  the  marten,  and  the 
polecat,  were  also  in  sufficient  numbers  to  be  pursued  for  the  sake  of 
their  fur ;  but  they  have  now  been  reduced  within  very  narrow 
bounds.  The  wild  cat  and  fox  have  also  been  sacrificed  throughout 
the  greater  part  of  the  country,  for  the  security  of  the  poultry-yard 
or  the  fold.  Badgers  have  been  expelled  from  nearly  every  district, 
which  at  former  periods  they  inhabited. 

Besides  these,  which  have  been  driven  out  from  their  favourite 
haunts,  and  every  where  reduced  in  number,  there  are  some  which 
have  been  wholly  extirpated ;  such  as  the  ancient  breed  of  indigenoiu 
horses,  and  the  wild  boar;  of  the  wihloxena  few  remains  are  still  pre- 
served in  some  of  the  old  English  parks.  The  beaver,  which  is  e^erly 
sought  after  for  its  fur,  had  became  scarce  at  the  close  of  the  nindi 
century ;  and,  by  the  twelfth  century,  ^as  only  to  be  met  with, 
according  to  Girald us  de  Barri,  in. one  river  in  Wales,  and  another 
in  Scotland.  The  wolf,  once  so  much  dreaded  by  our  ancestors,  is 
said  to  have  maintiuned  its  ground  in  Ireland  so  late  as  the  beginning 
of  the  eighteenth  century  (1710),  though  it  had  been  extirpated  in 
Scotland  thirty  years  before,  and  in  England  at  a  much  earlier 
period.  The  bear,  which,  in  Wales,  was  r^arded  as  a  beast  of 
the  chase  equal  to  the  hare  or  the  boarf,  only  perbhed,  as  a  native 
of  Scotland,  in  the  year  1057.J: 

Many  native  birds  of  prey  have  also  been  the  subjects  of  unremitting 
persecution.  The  eagles,  larger  hawks,  and  ravens,  have  disappeared 
from  the  more  cultivated  districts.  The  haunts  of  the  mallard,  the 
snipe,  the  redshank,  and  the  bittern,  have  been  drained  equally  with 
the  summer  dwellings  of  the  lapwing  and  the  curlew.  But  these  specJei 
still  linger  in  some  portion  of  the  British  isles ;  whereas  the  larger 
capercailzies  or  wood  grouse,  formerly  natives  of  the  pine-forests  of 
Ireland  and  Scotland,  have  beon  destroyed  within  the  last  sixty 
years.  The  egret  and  the  crane,  which  appear  to  have  been  fonnerly 
very  common  in  Scotland,  are  now  only  occasional  visitants.! 

ThebusUrd  {Otis  tarda),  observes  Graves,  in  his  British  Oroi- 

•  Ed.  Phil,  Journ.,  Ho.  »iii.  pi  887.  J  Fleming,  Ed.  HuL  JonnL,  No.  zzli 
Oct.  1834.  1^395. 

t  Est.  S7ii.Qi»ad,p.  ail.  j  Hanung,  iWi,  p.  898. 
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thology*,  "wns  formprly  seen  in  the  downs  and  beaths  of  vuiM 
parl8  of  our  ialand,  in  flocka  of  forty  or  fifty  binls  ;  wbcrv**  it  M  M* 
a  circumstance  of  rare  occurrence  to  meet  with  n  ain^lo  itiJi*UiA' 
Bewick  also  remarkfi,  "that  they  were  formerly  luonn  coansa  > 
this  ietand  than  at  present ;  they  are  now  found  only  in  Um  afa 
counties  of  the  south  and  east — in  the  plains  of  Wiltshire,  ~ 
shire,  and  some  parta  of  Yorksliire."!  In  the  few  ycmn  tfaukai 
dapscd  since  Bewick  wrote,  this  bird  hits  entirely  disappeand 
Wiltshire  and  Durselshire. 

These  chonges,  it  mny  be  observed,  are  derived  from  tbtj  n 
feet  memorials,  and  relate  only  to  the  larger  and  more 
ttnimahi  inhabiting  a  small  spot  on  llie  globe  ;  but  Uiey  cut. 
to  exalt  our  conception  of  the  enormous  revolution*  wiiich. 
course  of  several  thousand  years,  tlie  whole  humati  specie*  ma 
effected. 

E-ztinclion  of  the  dodo. — The  kangaroo  and  the  rma  axv  ntrcad^ 
rapidly  before  the  progress  of  cobniMtion  in  Aiistmlia;  nil 
8carc«ly  admits  of  doubt,  that  the  general  cnltivation  of  that  oooM] 
must  lead  to  the  extirpation  of  both.  The  most  atriking  KOMfiam 
the  loss,  even  within  the  last  two  centuries  of  a  ronftrkabk  i 
is  that  of  the  dodo — a  bird  first  seen  bj  the  Dutch,  when  tli«y 
on  the  Isle  of  France,  at  that  time  uninhabiipd,  imnie<liftt*lr  «li» 
the  discovery  of  the  passage  to  the  East  Indies  by  the  Cnpe  of  Goci 
Hope.  It  was  of  a  large  size,  and  singular  form  ;  its  wing!  ibon, 
like  those  of  an  ostrich,  and  wholly  incapnble  of  sustaining  its  bttir 
body,  CTen  for  a  short  flight.  In  its  general  appearance  it  ixSati 
from  the  ostrich,  cassowary,  or  any  known  bird.  J 

Many  naturalists  gave  figures  of  the  dodo  after  the  commenceJoent 
of  the  seventeenth  century;  and  there  is  a  painting  of  it  io  IM 
British  Museum,  which  is  said  to  have  been  taken  from  a  hrin; 
individual.  Beneath  the  painting  is  a  leg,  in  n  fine  state  of  prr- 
Bcrvation,  which  ornithologists  are  agreed  cannot  belong  to  any  otbrt 
known  bird.  In  the  museum  at  Oxford,  also,  there  is  a  foot  tai  t 
head  in  an  imperfect  state. 

In  spite  of  the  most  active  search,  during  the  last  centorj.  no 
information  respecting  the  dodo  was  obtained,  and  some  authors  h»« 
gone  so  fur  as  to  pretend  that  it  never  existed  ;  but  a  great  miss  ol 
satisfactory  evidence  in  favour  of  its  recent  existence  ^  now  been 
collected  by  Mr.  Broderip§,  and  by  Mr.  Strickland  and  1>.  Mel- 
ville.    Ur.  Strickland,  agreeing  with  Professor  Reinbardt,  of  Copeo' 

»  Vol.  iii.  London,  1821.  UnivfrntT  of  Oxford.  Uh?  FX»rt  i^T  *'^ 

f  Land  Birds,  vol  i.  p.  3lfi.  cd.  IBSI.  Tear  when  the  ni'mains  of  ibr  IM  rpcd- 

Some  have  complained  ihM  inscrip-  men  of  ihe  dodo,  which  bad  b*«i  P"- 

lionii  on  tomb-.'tones  ronvey  no  general  mitti-d  to  rot  in  Ibc  AAbmubao  Uuna. 

infonnntion,  except  that  individnils  were  were  csM  away.      The  relicj,  wt  trt  ti^ 

bom    and    died,   aeeidcnta  which    must  were    **  ■    thosbd    Fnbdiicui,    unao* 

bappcti  aLke  to  all  men.     But  the  dcnth  vice. can ccUarki  aliiiqiie  nintaribw,  *J 

of  a  >prW«  19  BO  remarkable  ao  event  in  ea  lustranda  rooTucuis,  die   Juan 

natural  buttory  ibU  it  deBcrres  co  rmc-  Bvo.  *.n.  ITSS."    ZooL  Jcnta.  Na  li- 

muraciuii,  a:diIiswithnoEmallia(ere8t  p.  SS9.  ISSe. 
that  wo  learn,  from  tfao  srchiTcs  of  the        §  Penny  Cydopaiiia, '  IXida>'  WC. 


Ch.  XLI.J        DOMESTIC   QUADBUPEDS   IN  AMEBICA.  685 

liagen,  in  referring  the  dodo  to  the  Colambidae,  calls  it  a  '^yylture-like 
frugiverous  pigeon.**  It  appears,  also,  that  another  short- winged  bird 
of  the  same  order,  called  '*  The  Solitaire,"  inhabited  the  small  island 
of  Rodrigues,  300  miles  east  of  the  Mauritius,  and  has  been  exter- 
minated by  man,  as  have  one  or  two  different  but  allied  birds  of  the 
Isle  of  Bourbon.  • 

Rapid  propagation  of  domestic  quadrupeds  over  the  American 
continent, — Next  to  the  direct  agency  of  man,  his  indirect  influence 
in  multiplying  the  numbers  of  large  herbivorous  quadrupeds  of 
domesticated  races  may  be  regarded  as  one  of  the  most  obvious 
causes  of  the  extermination  of  species.  On  this,  and  on  several  other 
grounds,  the  introduction  of  the  horse,  ox,  and  other  mammalia,  into 
America,  and  their  rapid  propagation  over  that  continent  within  the 
last  three  centuries,  is  a  fact  of  great  importance  in  natural  history. 
The  extraordinary  herds  of  wild  cattle  and  horses  which  overran 
the  plains  of  South  America  sprung  from  a  very  few  pairs  first  carried 
over  by  the  Spaniards ;  and  they  prove  that  the  wide  geographical 
range  of  large  species  in  great  continents  does  not  necessarily  imply 
that  they  have  existed  there  from  remote  periods. 

Humboldt  observes,  in  his  Travels,  on  the  authority  of  Azzara, 
that  it  is  believed  there  exist,  in  the  Pampas  of  Buenos  Ajrres,  twelve 
million  cows  and  three  million  horses,  without  comprising,  in  this 
enumeration,  the  cattle  that  have  no  acknowledged  proprietor.  In 
the  Llanos  of  Caraccas,  the  rich  hateros,  or  proprietors  of  pastoral 
farms,  are  entirely  ignorant  of  the  number  of  cattle  they  possess. 
The  young  are  branded  with  a  mark  peculiar  to  each  herd,  and  some 
of  the  most  wealthy  owners  mark  as  many  as  fourteen  thousand  a 
year.f  In  the  northern  plains,  from  the  Orinoco  to  the  lake  of 
Maraycabo,  M.  Depons  reckoned  that  1,200,000  oxen,  180,000  horses, 
and  90,000  mules,  wandered  at  large.  \  In  some  parts  of  the  valley 
of  the  Mississippi,  especially  in  the  country  of  the  Osage  Indians, 
wild  horses  are  immensely  numerous. 

The  establishment  of  black  cattle  in  America  dates  from  Columbus's 
second  voyage  to  St.  Domingo.  They  there  multiplied  rapidly ;  and 
that  island  presently  became  a  kind  of  nursery  from  which  these 
animals  were  successively  transported  to  various  parts  of  the  con- 
tinental coast,  and  from  thence  into  the  interior.  Notwithstanding 
these  numerous  exportations,  in  twenty-seven  years  after  the  dis- 
covery of  the  island,  herds  of  four  thousand  head,  as  we  learn  from 
Oviedo,  were  not  uncommon,  aiAtherewere  even  some  that  amounted 
to  eight  thousand.  In  1587,  the  number  of  hides  exported  from  St. 
Domingo  alone,  according  to  Acosta's  report,  was  35,444 ;  and  in  the 
same  year  there  were  exported  64,350  from  the  ports  of  New  Spain. 
This  was  in  the  sixty-fifth  year  after  the  taking  of  Mexico,  previous 
to  which  event  the  Spaniards,  who  came  into  that  country,  had  not 
been  able  to  engage  in  any  thing  else  than  war.§  Every  one  is  aware 

*  Messrs.  Strickland  and  Melville  on        f  Pers.  Kar.  toI.  iv. 
**  the  Dodo  and  ita  Eandred.**  Londoo,        t  Quarterly  Review,  vol  zzi.  p.  335. 
1848.  §  Ibid. 


686  DOMESTIC   QUADRUPEDS   IX   AUELRICA.       TCh.  1 

that  theayanimala  are  dow  established  throughout  the  Americax 
tinent  from  Canada  to  the  Stmits  of  Magtllnn. 

The  ass  has  thriven  very  generally  in  the  Nrw  Worid  t  wui 
leArn  from  Ullnn,  that  in  Quito  they  ran  wild,  ftnrl  moltipM  I 
ftmuzing  numbers,  so  us  to  become  n  nuisance.  Tb^j  graxed  HciA 
in  herd?,  nnd  when  attacked  di-fended  tbcmselTes  with  llM^rmrf 
If  a  horse  hnppened  to  stray  into  the  places  wh«m  they  f«d,  ikf  I 
fiiU  upon  him,  and  did  not  cease  biting  and  kicking  till  tbef  IcftN 

The  first  hogs  were  cnrried  to  Amrrica  by  Calumho*,  and  tf 
blished  in  the  island  of  St.  Domingo  thf  year  rolluwing  iu  «liaMfM 
in  November,  U93.  In  succeeding  yeare  ihi'y  wero  intrvdued  k 
other  places  where  the  Spaniards  i«ll!ed ;  and,  in  the  cpara  af  ImM 
century,  they  were  found  established  in  the  Ki^w  World,  froa  t 
latitude  of  25°  north,  to  the  -lOih  degre«  of  touth  lBtitu<le.  SU 
also,  and  goats  have  multiplied  enormously  in  thd  Nrw  WmI^ 
hnve  also  the  cat  nnd  the  rat ;  nhieh  last,  as  b«for«  slated,  hat  tl 
imporcrdunintfntionaily  in  ships.  The  dogs  tntmdaccd  by  maawli 
have  at  different  periods  become  wild  in  America,  htmted  in  pall 
like  ihu  wolf  and  the  jackall,  destroying  not  ooly  ttogn,  but  llic  all 
and  foals  of  the  wild  cattle  and  horsc!. 

VWoa.  in  his  tovhkp,  nnd  Buifon  on  ihc  n'lfli..:!?-.-  nf  .!■  -•■'% 
relate  a  fact  which  illustrates  very  clearly  the  principle  beforf  ei- 
plained,  of  the  check  which  the  incrense  of  one  animal  nece<^<inl; 
offers  to  that  of  another.  The  Spaniards  had  introduced  post*  in* 
the  island  of  Juan  Fernandei,  where  they  became  so  prolifie  w  V 
furnish  the  pirates  who  infested  those  seas  with  provisions.  In  onJer 
to  cut  off  this  resource  from  the  buccaneers,  a  number  of  dogi »«» 
turned  loose  into  the  island;  and  so  numerous  did  ihey  bfcome  i» 
their  turn,  that  they  destroyed  the  goals  in  every  accessible  part,  after 
which  the  number  of  the  wild  dogs  again  decreased,  f 

Increase  of  rein-deer  imported  into  Iceland.  —  As  an  ciaiBpl'  d 
the  rapidity  with  which  a  large  tract  may  become  peopled  by  tl* 
offspring  of  n  single  pair  of  quadrupeds,  it  may  be  mentioned  thai  ri 
the  year  1773  thirteen  rein-deer  were  exported  from  Norway,  o«ly 
three  of  which  reached  Iceland.  These  were  turned  loose  iaio  tb* 
mountains  of  Guldbringe  Syssel,  where  they  multiplied  so  greatlr, 
in  the  course  of  forty  years,  that  it  was  not  Dncommoa  to  otA 
with  herds,  consisting  of  from  forty  to  one  hundred,  ia  rariow 
districts. 

The  rein-deer,  observes  a  modern  writer,  is  in  I^pland  a  lo«w  by 
his  connexion  with  man,  but  Iceland  will  be  this  creature*)  paradise. 
There  is,  in  the  interior,  a  tract  which  Sir  G.  Mackeniie  compnia 
at  not  less  than  forty  thousand  stjuare  miles,  wiibout  m  eingie  hiiBU 
habitation,  and  almost  entirely  unknown  to  the  natives  themse^vvs. 
There  are  no  wolves-,  the  Icelanders  will  keep  oat  the  bears;  awl  tte 
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rein-deer,  being  almost  unmolested  by  man,  will  have  %o  enemy 
wlialever,  unless  it  has  brought  with  it  its  own  tormenting  gad-fly.* 

BesidtiB  the  quadrupeds  before  enumerated,  onr  domestiu  fowls 
have  also  succeeded  in  the  West  Indies  and  America,  where  thej 
Lave  the  common  fowl,  the  gooae,  the  duck,  the  peacocli,  the  pigeon, 
and  the  guinea-fowl.  As  these  were  often  taken  suddeuly  from  the 
temperate  to  very  hot  regions,  they  were  not  reared  at  first  without 
much  difficulty ;  btit  after  a  few  generations,  they  became  familiarized 
to  the  climate,  which,  in  many  cases,  approached  much  nearer  than 
that  of  Europe  to  the  temperature  of  their  original  notice  countries. 

The  fact  of  so  many  millions  of  wild  and  tame  individuals  of  our 
domestic  species,  almost  all  of  them  the  largest  quadrupeds  and 
birds,  having  been  propagated  throughout  the  new  continent  within 
the  short  period  that  has  elapsed  since  the  discovery  of  America, 
while  no  appreciable  improvement  can  have  been  made  in  the  pro- 
ductive powers  of  that  vast  continent,  affords  abundant  evidence  of 
the  extraordinary  changes  which  accompany  the  diffusion  and  pro- 
gressive advancement  of  the  human  race  over  the  globe.  That  it 
should  have  remained  for  us  to  witness  such  mighty  revolutions  is  a 
proof,  even  if  there  was  no  other  evidence,  that  the  entrance  of  man 
into  the  planet  is,  comparatively  speaking,  of  extremely  modem  date, 
and  that  tlie  effects  of  his  agency  are  only  begimiing  to  be  felt. 

Papulation  which  Ike  globe  u  capable  of  tupporting. — A  modem 
writer  has  estimated,  that  there  are  in  America  upwards  of  four 
million  square  miles  of  useful  soil,  each  capable  of  supporting  200 
persons ;  and  nearly  six  million,  each  mile  capable  of  supporting  490 
persons, t  If  this  conjecture  be  true,  it  will  follow,  as  that  author 
observes,  that  if  the  natural  resources  of  America  were  fully  de- 
veloped, it  would  afford  sustenance  to  five  times  as  great  a  number  of 
inhabitants  as  the  entire  mass  of  human  beings  existing  at  present 
upon  the  globe.  The  new  continent,  he  thinks,  though  less  than  half 
the  size  of  the  old,  contains  an  equal  quantity  of  useful  soil,  and  much 
more  than  an  equal  amount  of  productive  power.  Be  this  as  it  may, 
we  may  safely  conclude  that  the  amount  of  human  population  nov 
existing  constitutes  but  a  small  proportion  of  that  which  the  globe  ii 
capable  of  supporting,  or  which  it  is  destined  to  sustain  at  no  distant 
period,  by  the  rapid  progress  of  society,  especially  in  America, 
Aoslralia,  and  certain  parts  of  the  old  continent 

Poicer  of  exterminating  tpeeies  no  prerogative  of  man. — But  if 
we  n^flect  that  many  millions  of  square  miles  of  the  most  fertile  land, 
occupied  originslly  by  a  boundless  variety  of  animal  and  vegetable 
forms,  have  been  already  brought  under  the  dominion  of  man,  and 
compelled,  in  a  great  measure,  to  yield  nourishment  to  him,  and  to 
a  limited  number  of  plants  and  animals  which  he  has  caused  to 
increase,  we  must  at  once  be  convinced,  that  the  nnnitiilation  of  a 
multitude  of  species  has  already  been  effected,  and  will  continue 
to  go  on  hereafter,  in  certain  regions,  in  a  still  more  rapid  ratio,  as 
•  Traveli  in  Iceland  in  1810,p.343.  f  Hadaren, art.  America, Encyc. Brit. 
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t  be  colon  if  s  of  highly  civilized  nations  spread  theauelve*  ant  Or 
occupied  lands. 

Yet,  if  we  wield  tlio  sword  of  extwmi nation  na  we  sdnne^  *t 
Lave  no  reason  to  t«piii«  nt  llie  bsToc  committed,  nor  to  faorj,  >tt 
the  Scottish  poet,  tUat  "we  violate  the  social  union  of  aatarc;** 
complain,  with  the  melancholy  Jacquea,  that  we 

Are  nn-ro  uiiuTpcr*,  IjranW,  and  wluU*s  wont. 
To  iri|;ht  tlji-  attiitinl*  anil  to  kill  IJiem  op 
In  their  usign'd  niiJ  nalive  dnelllDg-plaii:. 

We  have  only  to  reflect,  that  in  thus  obtaiping  poasneioa  at  di: 
earth  by  contiucst,  and  defending  our  acquisitions  by  Tonm,  we» 
ercine  wo  exclusive  prerognltve.     Every  species  wliich  hi*  qt^ 
itacif  fmm  a  small  point  over  a  wide  area  must,  in  likti  tnaoMer,  hir^ 
marked  !td  progress  by  the  diminution  or  the  entire  <!XtlrpMk«< 
sonui  other,  and  must  maintain  its  ground  by  a  Encce^sfal  M^g 
against  tbe  encroachments  of  other  planta  and  animals.     That  ■■! 
parasitic  plant,  called  "the  rust"  in  wheat,  bui^,  like  the  TTrwiJai  1 
the  locust,  and  the  aphis,  caused  famines  ere  now  amongst  tlM  *Im 
of  the   creation,"     The  most  insignificiint  and    dimioDtive  ifwi 
whether  in  tbe  animal  or  vegetable  kingdom,  bare  each  sbtagbM 
tlieir  thousand.',  113  they  disseminiitcd  themselves  nver  l!i-   ^V^'-.  m" 
well  as  the  Hon,  when  first  it  spread  itself  over  the  tropical  r^iau 
of  Africa. 

Concluding  remarkt. — Although  we  have  as  yet  consider^  «« 
doss  only  of  tbe  causes  (i&e  organic)  by  which  species  may  bMona 
e:<lerminntcd,  yet  it  cannot  hut  appear  evident  that  the  coniiDBtJ 
action  of  these  alone,  throughout  myriads  of  future  ages,  must  wwt 
an  entire  change  in  the  state  of  the  organic  creation,  not  merely  o 
tbe  continents  and  islands,  where  the  power  of  man  is  chiefly  rsertel 
but  in  the  great  ocean,  where  his  control  is  almost  unknown.  Tht 
mind  is  prepared  by  tbe  contemplation  of  such  future  revolutions  lo loot 
for  the  sit>ns  of  others,  of  an  analogous  nature,  in  the  monumentj  of  tbt 
past.  Instead  of  being  astonished  at  the  proofs  there  maiiifeA«l  ^ 
endless  mutations  in  the  animate  world,  they  will  appesr  to  ooe  >W 
lias  thought  profoundly  on  the  fluctuationa  dow  in  prt^resi.  » 
afford  evidence  in  favour  of  the  uniformity  of  the  erstem,  onlfA 
indeed,  we  are  precluded  from  speaking  of  uniform^  wbeB  « 
characterize  a  principle  of  endless  variation. 
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CHAPTER  XLIL 

EXTINCTION  OF   SPECIES. — INFLUENCE   OF  INORGANIC  CAUSES. 

Powers  of  difFdsion  indispensable,  that  each  species  ma7  maintain  its  ground—- 
How  changes  in  physical  geograph7  affect  the  distribution  of  species — Kate  of 
the  change  of  species  due  to  this  cause  cannot  be  uniform — Ererj  change  in 
the  physical  geography  of  large  regions  tends  to  the  extinction  of  species — 
Effects  of  a  general  alteration  of  climate  on  the  migration  of  species — Gradual 
refrigeration  would  cause  species  in  the  northern  and  southern  hemispheres  to 
become  distinct — Elevation  of  temperature  the  reyerse — Effects  on  the  condition 
of  species  which  must  result  from  inorganic  changes  inconsistent  with  the  theory 
of  transmutation. 

Powers  of  diffusion  indispensable,  that  each  species  may  maintain  its 
ground,  ^Haying  shown  in  the  last  chapter,  how  considerably  the 
numerical  increase  or  the  extension  of  the  geographical  range  of  any 
one  species  must  derange  the  numbers  and  distribution  of  others, 
let  us  now  direct  our  attention  to  the  influence  which  the  inorganic 
causes  described  in  the  second  book  are  continually  exerting  on  the 
habitations  of  species. 

So  great  is  the  instability  of  the  earth's  surface,  that  if  nature 
were  not  continually  engaged  in  the  task  of  sowing  seeds  and  colonizing 
animals,  the  depopulation  of  a  certain  portion  of  the  habitable  sea 
and  land  would  in  a  few  years  be  considerable.  Whenever  a  river 
transports  sediment  into  a  lake  or  sea,  so  as  materially  to  diminish 
its  depth,  the  aquatic  animals  and  plants  which  delight  in  deep 
water  are  expelled :  the  tract,  however,  is  not  allowed  to  remain 
useless ;  but  is  soon  peopled  by  species  which  require  more  light  and 
heat,  and  thrive  where  the  water  is  shallow.  Every  addition  made 
to  the  land  by  the  encroachment  of  the  delta  of  a  river  banishes 
many  subaqueous  species  from  their  native  abodes;  but  the  new- 
formed  plain  is  not  permitted  to  lie  unoccupied,  being  instantly 
covered  with  terrestrial  vegetation.  The  ocean  devours  continuous 
lines  of  sea-coasts,  and  precipitates  forests  or  rich  pasture  land  into 
the  waves :  but  this  space  is  not  lost  to  the  animate  creation ;  for 
shells  and  sea-weeds  soon  adhere  to  the  new-made  cliffs,  and  numerous 
fish  people  the  channel  which  the  current  has  scooped  out  for  itself. 
No  sooner  has  a  volcanic  island  been  thrown  up  than  some  lichens 
begin  to  grow  upon  it,  and  it  is  sometimes  clothed  with  verdure 
while  smoke  and  ashes  are  still  occasionally  thrown  from  the  crater. 
The  cocoa,  pandanus,  and  mangrove  take  root  upon  the  coral  reef 
before  it  has  fairly  risen  above  the  waves.  The  burning  stream  of 
lava  that  descends  from  Etna  rolb  through  the  stately  forest,  and 
converts  to  ashes  every  tree  and  herb  which  stands  in  its  way ; 
but  the  black  strip  of  land  thus  desolated  is  covered  again  in  the 
course  of  time,  with  oaks,  pines,  and  chestnuts,  as  luxuriant  as  those 
which  the  fiery  torrent  swept  away. 

Every  flood  and  landslipi  tverj  ware  whioh  a  hurricane  ot  «»^- 
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qa&ke  tbrows  vpaa  the  shore,  every  shower  of  rolcAoic  dtnt 
ashes  which  buries  a  country  fnr  and  wide  lo  the  depth  of  oway 
every  advance  of  the  sand-flood,  every  conversion  of  Mtlt  water 
fresh,  when  rivers  alter  their  main  channel  of  lUBchari^  e 
pprnianent  variation  in  the  rise  or  fall  of  lidos  in  >n  eMtuuj^l 
and  countless  other  causes  displace,  in  lite  coar6«  of  a  few 
certain  plants  and  animals  from  stations  which  ihej 
occupied.  If,  therefore,  the  Author  of  nature  had  not 
of  those  numerous  contrivances,  before  allu(l«d  to,  for 
classes  of  organic  beings  over  tlie  eartli  —  if  He  bad  not 
that  the  fluctuations  of  the  nnimule  and  inanimue  ens 
be  in  perfect  harmony  with  each  other,  it  is  evident  llint 
spaces,  now  the  most  habitable  on  the  globe,  would  soon  be  u 
of  life,  as  are  the  Alpine  snows,  or  the  4ark  abysses  of  tb«  ee 
the  moving  sands  of  the  Sahara. 

The  powers,  then,  of  migration  and  diffusion  conferrvd  ott  ■ 
and  plants  are  indispensable  to  enable  them  to  maintain  lh«ir  fn*' 
and  would  be  necessary,  even  though  it  were  never  intended  th^ 
apecies  should  gradually  extend  its  get^rophical  rftngie.  Bats*  ~ 
of  shifting  their  quarters  being  once  given,  it  cannot  fail  IB  1 
that  the  inhabitants  of  one  province  should  occasionally  fK 
into  some  other  ;  since  the  strongest  of  those  barriers  which  I  Mn 
described  as  separating  distinct  regions  are  all  liable  to  ba  iknM 
down,  one  after  the  other,  during  the  vicissitudes  of  the  MrtIV 
surface. 

^oic  changes  in  physieal  Geography  affect  ihe  dUtrihwhrn  ^ 
tpeeies.  —  The  numbers  and  distribution  of  particular  species  m 
alfected  in  two  ways,  by  ohangea  in  the  physical  geography  rf  *• 
earth: — First,  these  changes  promote  or  retard  the  migiauooi  if 
species  ;  secondly,  they  alter  the  physical  conditions  of  the  babtic* 
which  species  inhabit.  If  the  ocean  should  gratlually  wear  iti  n5 
through  an  isthmus,  like  that  of  Suez,  it  would  open  a  paamge  foriki 
intermixture  of  the  aquatic  tribes  of  two  seas  previously  di^ototd 
and  would,  at  the  same  time,  close  a  free  communication  which  At 
terrestrial  plants  and  animals  of  two  continents  had  bef««  enjo^ 
These  would  be,  perhaps,  the  moat  important  conseqnenceai  in  repid 
to  tlie  distribution  of  species,  which  would  result  from  the  bnK^ 
made  by  the  sea  in  such  a  spot ;  hut  there  would  be  othen  of  > 
distinct  nature,  such  as  the  conversion  of  a  certain  tract  of  lawL  whiek 
formed  the  isthmus,  into  sea.  This  apace,  previoasly  occapied  by 
terrestrial  plants  and  animals,  would  be  immediately  delivcfed  ovtf 
to  the  aquatic ;  a  local  revolution  which  might  have  happcaed  ii 
innumerable  other  parts  of  the  globe,  without  being  attended  \ij  a/ 
alteration  in  the  blending  together  of  species  of  two  diMiael  p*^ 
vinces. 

Hate  of  change  of  tpteks  cannot  be  uai/orat.  —  TU«  tibsmiti* 
leads  me  to  point  out  one  of  the  most  interesting  eoodosiaai  H  wtt^ 
we  are  led  by  the  contemplation  of  the  vicisrifdaa  of  the  iBMiMt 
woiU  ia  T^\oii  V>  \JiU3M  of  the  aniBate.     It  i«  efan  tka^  if  ^ 
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agenc7  of  inorganic  causes  be  uniform,  as  I  have  supposed,  they  must 
operate  very  irreguUrly  on  the  state  of  organic  beings,  so  that  the 
rate  according  to  which  these  will  change  in  particular  regions  will 
not  be  equal  in  equal  periods  of  time. 

I  am  not  about  to  advocate  the  doctrine  of  general  catastrophes 
recurring  at  certain  intervals,  as  in  the  ancient  Oriental  cosmogonies, 
nor  do  I  doubt  that,  if  very  considerable  periods  of  equal  duration 
could  be  compared  one  with  another,  the  rate  of  change  in  the  living, 
as  well  as  in  the  inorganic  world,  might  be  nearly  uniform ;  but  if 
we  regard  each  of  the  causes  separately,  which  we  know  to  be  at 
present  the  most  instrumental  in  remodelling  the  state  of  the  surface, 
we  shall  find  that  we  must  expect  each  to  be  in  action  for  thousands 
of  years,  without  producing  any  extensive  alterations  in  the  habitable 
surface,  and  then  to  give  rise,  during  a  very  brief  period,  to  important 
revolutions. 

Illustration  derived  from  iubtidenceg,  — I  shall  illustrate  this  prin- 
ciple by  a  few  of  the  most  remarkable  examples  which  present 
themselves.  In  the  course  of  the  last  century,  as  we  have  seen,  a 
considerable  number  of  instances  are  recorded  of  the  solid  surface, 
whether  covered  by  water  or  not,  having  been  permanently  sunk  or 
upraised  by  subterranean  movements.  Most  of  these  convulsions  are 
only  accompanied  by  temporary  fluctuations  in  the  state  of  limited 
districts,  and  a  continued  repetition  of  these  events  for  thousands  of 
years  might  not  produce  any  decided  change  in  the  state  of  many  of 
those  great  zoological  or  botanical  provinces  of  which  I  have  sketched 
the  boundaries. 

When,  for  example,  large  parts  of  the  ocean  and  even  of  inland 
seas  are  a  thousand  fathoms  or  upwards  in  depth,  it  is  a  matter  of 
no  moment  to  the  animate  creation  that  vast  tracts  should  be  heaved 
up  many  fathoms  at  certain  intervals,  or  should  subside  to  the  same 
amount.  Neither  can  any  material  revolution  be  produced  in  South 
America  either  in  the  terrestrial  or  the  marine  plants  or  animals  by 
a  series  of  shocks  on  the  coast  of  Chili,  each  of  which,  like  that  of 
Pence,  in  1751,  should  uplift  the  coast  about  twenty-five  feet  Nor 
if  the  ground  sinks  fifty  feet  at  a  time,  as  in  the  harbour  of  Port 
Boyal,  in  Jamaica,  in  1692,  will  such  alterations  of  level  work  any 
general  fluctuations  in  the  state  of  organic  beings  inhabiting  the  West 
Indian  Islands,  or  the  Caribbean  Sea. 

It  is  only  when  the  subterranean  powers,  by  shifting  gradually 
the  points  where  their  principal  force  is  developed,  happen  to  strike 
upon  some  particular  region  where  a  slight  change  of  level  imme- 
diately affects  the  distribution  of  land  and  water,  or  the  state  of  the 
dimate,  or  the  barriers  between  distinct  groups  of  species  over 
extensive  areas,  that  the  rate  of  fluctuation  becomes  accelerated,  and 
may,  in  the  course  of  a  few  years  or  centuries,  work  mightier  changes 
than  had  been  experienced  in  myriads  of  antecedent  years. 

Thus  for  example,  a  repetition  of  subsidences  causing  the  narrow 
isthmus  of  Panama  to  sink  down  a  few  hundred  feet,  would,  in  a  few 
centuries,  bring  about  a  great  revolution  in  the  state  of  the  animA^^ 
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erealion  in  the  wectem  heinis[iUere.  Tliouutnds  of  aqtntie  tpeA 
would  paw,  for  the  Brat  time,  from  the  CaribbcHn  Sea  into  tl>e  Haciih 
and  thoua&nds  of  others,  before  jteculiar  to  IUd  Pacific  Oi-eaii,  wi^ 
make  their  way  iolo  the  Caribbean  S«a,  lh«  Gulf  of  Mrxiro,  aad  ik 
AtlaDlic.  A  conBiderable  mudification  would  probnblj  be  o 
by  the  same  erent  in  the  dircctton  or  volume  of  ibe  Gulf  U 
iherebj  the  temperature  of  the  eca,  nod  the  cootiguoi 
be  altered  ae  far  us  the  inHuence  of  that  current  extends, 
of  climate  might  thu3  be  produced  in  the  ocean  from  Florida  t 
Spitzbergen,  and  in  manj  (countries  of  North  America,  Europe.  M 
Greenland.  Not  merely  the  heat,  but  the  quantity  of  rain  «Ud 
falls,  would  be  altered  in  cerUiin  diftricla,  so  that  man j  ■pwiovadl 
be  excluded  trom  tracts  where  tbey  before  flouriidied :  otlwin  «■! 
be  reduced  in  number;  and  some  would  thrive  mom  and  mM^ 
The  ieedi  also  and  the  fruita  of  plants  would  nu  loader  bedrifMll 
precisely  the  fame  directions,  nor  the  eggs  uf  aquatic  wiitnato)  mMm 
would  species  he  any  longer  impeded  in  their  migraiiow  lovvih 
particular  stations  before  abut  out  from  them  hj  thotr  I 
cross  the  mighty  current. 

Let  us  take  auother  example  from  a  part  of  tfa«  globe  whM  ll 
present  liable  to  suffer  by  earthquakes,  namely,  th«  lowaanira 
which  intervenes  between  the  Sea  of  Azof  and  the  Caspiic  K 
there  should  occur  a  sinking  down  to  a  triOing  amount,  and  nd 
ravines  should  be  formed  se  might  be  produced  by  a  few  eartixjvli^ 
not  more  considerable  than  have  fallen  within  our  limited  obsertiM 
during  the  last  150  years,  the  waters  of  the  Sea  of  Azof  wooU  paK 
rapidly  into  the  Caspian,  which,  according  to  the  measurements  lud; 
made  by  the  Academy  of  St.  Petersburg,  is  84  feet  below  the  ktA 
of  the  Block  Sea.*  The  Sea  of  Azof  would  immediately  borrow  fr«« 
the  Black  Sea,  that  sea  again  from  tbe  Mediterranean,  lad  tk 
Mediterranean  from  the  Atlantic,  so  that  an  inexhiiuftible  tumat 
would  pour  down  into  (he  low  tracts  of  Asia  bordering  tbc  CaspiA 
by  which  all  the  sandy  salt  steppes  adjacent  to  that  sea  would  k 
inundated.  An  area  of  scTeral  thousand  square  leagues,  now  b*Jo* 
tbe  level  of  the  Mediterranean,  would  be  converted  from  land  iaM 
sea. 

Illustration  dei-ived  from  the  elevation  of  land, — I>t  lu  iwn 
imagine  a  few  cases  of  the  elevation  of  land  of  small  extent  tt  coui* 
critical  points,  as,  for  example,  in  the  shallowest  part  of  tbe  Stnit* 
of  Gibraltar,  where  the  deepest  soundings  from  ^e  AfricaB  to  tte 
European  side  give  only  220  fathoms.  In  proportion  as  this  t^ 
marine  barrier  of  rock  was  upheaved,  the  whole  channel  wooW  be 
contracted  in  width  and  depth,  and  the  volume  of  water  which  ikt 
current  constantly  Sowing  from  the  Atlantic  ponrs  into  the  Mcdit^ 
ranean  would  be  lessened.  But  the  loss  of  the  inland  sea  by  er^on- 
tion  would  remain  the  same ;  so  that  being  no  longo-  able  to  dn* 
on  the  ocean  for  a  lupply  sufficient  to  restore  its  equilibria^  '* 
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must  sinky  and  leave  drj  a  certain  portion  of  land  around  its  borders. 
The  current  which  now  flows  constantly  out  of  the  Black  Sea  into 
the  Mediterranean  would  then  rush  in  more  rapidly,  and  the  level  of 
the  Mediterranean  would  be  thereby  prevented  from  falling  so  low ; 
but  the  level  of  the  Black  Sea  would^  for  the  same  reason,  sink ;  so 
that  when,  by  a  continued  series  of  elevatory  movements,  the  Straits 
of  Gibraltar  had  become  completely  closed  up,  we  might  expect  large 
and  level  sandy  steppes  to  surround  both  the  Black  Sea  and  Mediter- 
ranean, like  those  occurring  at  present  on  the  skirts  of  the  Caspian, 
and  the  Lake  of  Aral.  The  geographical  range  of  hundreds  of 
aquatic  species  would  be  thereby  circumscribed,  and  that  of  hundreds 
of  terrestrial  plants  and  animals  extended. 

A  line  of  submarine  volcanos  crossing  the  channel  of  some  strait, 
and  gradually  choking  it  up  with  ashes  and  lava,  might  produce  a 
new  barrier  as  effectually  as  a  series  of  earthquakes ;  especially  if 
thermal  springs,  charged  with  carbonate  of  lime,  silica,  and  other 
mineral  ingredients,  should  promote  the  rapid  multiplication  of  corals 
and  shells,  and  cement  them  together  with  solid  matter  precipitated 
during  the  intervals  between  eruptions.  Suppose  in  this  manner  a 
stoppage  to  be  caused  of  the  Bahama  channel  between  the  bank  of 
that  name  and  the  coast  of  Florida.  This  insignificant  revolution, 
confined  to  a  mere  spot  in  the  bottom  of  the  ocean,  would,  by  divert- 
ing the  main  current  of  the  Gulf  stream,  give  rise  to  extensive 
changes  in  the  climate  and  distribution  of  animals  and  plants  inhabit- 
ing the  northern  hemisphere. 

Illustration  from  the  formation  of  new  islands. — A  repetition  of 
elevatory  movements  of  earthquakes  might  continue  over  an  area  as 
extensive  as  Europe,  for  thousands  of  ages,  at  the  bottom  of  the 
ocean,  in  certain  regions,  and  produce  no  visible  effects ;  whereas,  if 
they  should  operate  in  some  shallow  parts  of  the  Pacific,  amid  the 
coral  archipelagos,  they  would  soon  give  birth  to  a  new  continent. 
Hundreds  of  volcanic  islands  may  be  thrown  up,  and  become  covered 
with  vegetation,  without  causing  more  than  local  fluctuations  in  the 
animate  world ;  but  if  a  chain  like  the  Aleutian  archipelago,  or  the 
Kurile  Isles,  run  for  a  distance  of  many  hundred  miles,  so  as  to  form 
an  almost  uninterrupted  communication  between  two  continents,  or 
two  distant  islands,  the  migrations  of  plants,  birds,  insects,  and  even 
ci  some  quadrupeds,  may  cause,  in  a  short  time,  an  extraordinary 
series  of  revolutions  tending  to  augment  the  range  of  some  animals 
and  plants,  and  to  limit  that  of  others.  A  new  archipelago  might  be 
formed  in  the  Mediterranean,  the  Bay  of  Biscay,  and  a  thousand 
other  places,  and  might  produce  less  important  events  than  one  rock 
which  should  rise  up  between  Australia  and  Java,  so  placed  that 
winds  and  currents  might  cause  an  interchange  of  the  plants,  insects, 
and  birds. 

From  the  wearing  through  of  an  isthmus. — J£  we  turn  from  the 
igneous  to  the  aqueous  agents,  we  find  the  same  tendency  to  an 
irregular  rate  of  change,  naturally  connected  with  the  strictest 
uniformity  in  the  energy  of  those  causes.    When  the  sea,  for  example, 
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gndukll^  etKTOHchea  upon  both  aides  of  a  nstrow  iatbmmi,  a»  ' 
Sleawick,  soparaling  the  North  Sea  from  the  Bsllic,  where,  as 
itatcd,  the  clitTa  on  both  the  opposite  coaate  arc  wealing  Kwa 
materiiil  altoratioo  resnlts  for  thousands  of  years,  mt<>  onir  thai 
ia  a  progressive  conversion  of  a  small  strip  of  land  Into  mter. 
feet  odIj,  or  a  few  j^anls,  are  annually  removed  ;  but  If,  at  bM,  fli 
partition  should  be  broken  dovrn,  and  the  tides  of  tl>i>  oet«a  ahidi 
enter  by  a  direct  passage  into  tlie  inland  seai  insteafl  ot  gtiaflft 
circuitous  route  through  the  Cattegat,  a  I>ody  of  aalt  wafer  ««M 
sweep  up  as  far  as  the  Gulfs  of  Bothnia  and  Pinlaad;  tha  wMcnd 
which  are  now  brackish,  or  almost  fresh ;  and  ibis  rvrolutiaa  worfl 
he  attended  by  the  local  annihilation  of  many  spedea.  % 

Similar  consequences  must  have  resulted  on  a  amall  ttah,  wk  I 
the  sea  opened  its  way  through  the  islhmus  of  Slarerva  ia  i 
thirteenth  century,  forming  a  union  between  an  inland  lake  and' 
ocean,  end  opening,  in  the  course  of  one  centntT',  a  shallow  HI 
more  than  half  as  wide  as  the  narrowest  part  of  that  whi«h  difl 
England  from  France, 

Chanpet  in  phyneal  geography  tekiek  mvt  otvnMtm  mtirndkH 
tpeciei.  —  It  will  almost  seem  superfluous,  aft«r  I  bave  lliM' 
the  important  modifications  in  the  condition  of  living  bcsn^ 
flow  from  changes  of  trifling  extent,  to  argue  that  eiitiri:  rrrijhtio* 
might  be  brought  about,  if  the  climate  and  physical  g^^ograpbj  of  I^ 
whole  globe  were  greatly  altered.  It  has  been  stated,  that  ipna 
are  in  general  local,  some  being  confined  to  extremely  small  spaa^  mI 
depending  for  their  existence  on  a  combination  of  canMS,  wUdk  ' 
they  are  to  be  met  with  elsewhere,  occur  only  in  eotne  very  t^M* 
region.  Hence  it  must  happen  that,  when  the  natorv  </  AM 
localities  is  changed,  the  species  will  perish  ;  for  it  will  ranlf  bff* 
that  the  cause  which  alters  the  character  of  the  district  iriB  ttiA 
new  fncilities  to  the  species  to  establish  itself  elsewhere- 

African  demerit.  —  If  we  altribute  the  origin  of  a  great  part  <■  t^ 
desert  of  Africa  to  the  gradual  progress  of  moving  sands,  drms 
eastward  by  the  westerly  winds,  we  may  safely  infer  that  a  raneijJ 
species  must  have  been  annihilated  by  this  cause  alone.  Hw  tui- 
flood  has  been  inundating,  from  lime  immemorial,  some  of  the  nc^ 
lands  on  the  west  of  the  Nile ;  and  we  have  odIj  to  amhipfy  tk>> 
eflect  a  sufficient  number  of  times  in  order  to  understand  bow,  ia  tk 
lapse  of  ages,  a  whole  group  of  terrestrial  aninala  and  [dsatiBV 
become  extinct, 

The  African  desert,  withoot  including  BomoQ  and  DuAv.  ex- 
tends, according  to  the  calculation  of  Humboldt,  over  194,000  tqaan 
leagues  ;  an  area  nearly  three  times  as  great  as  that  of  Ftaace.  la 
a  small  portion  of  »o  vast  a  space,  we  maj  infer  fron  nakST  1^ 
there  were  many  peculiar  species  of  plonta  and  animala  wUcb  h^ 
have  been  banished  bj  the  sand,  and  their  habitations  inraM  ^ 
the  camel,  and  by  birds  and  insects  rormed  for  the  arid  nads. 

*  Sm  aboTS,  p.  3tT. 
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There  is  evidentlj  nothing  in  the  nature  of  the  (Satastrophe  to 
favour  the  escape  of  the  former  inhabitants  to  some  adjoining  pro- 
vince; nothing  to  weaken,  in  the  bordering  lands,  that  powerful 
barrier  against  emigration — pre-occupancj.  Nor,  even  if  the  exclu- 
sion of  a  certain  group  of  species  from  a  given  tract  wexe  compen- 
sated by  an  extension  of  their  range  over  a  new  country,  would  that 
circumstance  tend  to  the  conservation  of  species  in  general ;  for  the 
extirpation  would  merely  then  be  transferred  to  the  region  so  invaded. 
If  it  be  imagined,  for  example,  that  the  aboriginal  quadrupeds,  birds, 
and  other  animals  of  Africa,  emigrated  in  consequence  of  the  advance 
of  drift- sand,  and  colonized  Arabia,  the  indigenous  Arabian  species 
must  have  given  way  before  them,  and  have  been  reduced  in  number 
or  destroyed. 

Let  us  next  suppose  that,  in  some  central  and  more  elevated  parts 
of  the  great  African  desert,  the  upheaving  power  of  subterranean 
movements  should  be  exerted  throughout  an  immense  series  of  ages, 
accompanied  at  certain  intervals,  by  volcanic  eruptions,  such  as  gave 
rise  at  once,  in  1756,  to  a  mountain  1600  feet  high,  on  the  Mexican 
plateau.  When  the  continued  repetition  of  these  events  had  caused 
a  mountain-chain,  it  is  obvious  that  a  complete  transformation  in 
the  state  of  the  climate  would  be  brought  about  throughout  a  vast 
area. 

We  may  imagine  the  summits  of  the  new  chain  to  rise  so  high  as 
to  be  covered,  like  Mount  Atlas,  for  several  thousand  feet,  with  snow, 
during  a  great  part  of  the  year.  The  melting  of  these  snows,  during 
the  greatest  heat,  would  cause  the  rivers  to  swell  in  the  season  when 
the  greatest  drought  now  prevails ;  the  waters,  moreover,  derived 
from  this  source,  would  always  be  of  lower  temperature  than  the 
surrounding  atmosphere,  and  would  thus  contribute  to  cool  the  cli- 
mate. During  the  numerous  earthquakes  and  volcanic  eruptions 
supposed  to  accompany  the  gradual  formation  of  the  chain,  there 
would  be  many  floods  caused  by  the  bursting  of  temporary  lakes,  and 
by  the  melting  of  snows  by  lava.  These  inundations  might  deposit 
alluvial  matter  far  and  wide  over  the  original  sands,  as  the  country 
assumed  varied  shapes,  and  was  modified  again  and  again  by  the 
moving  power  from  below,  and  the  aqueous  erosion  of  the  surface 
above.  At  length  the  Sahara  might  be  fertilized,  irrigated  by  rivers 
and  streamlets  intersecting  it  in  every  direction,  and  covered  by 
jungle  and  morasses;  so  that  the  animals  and  plants  which  now 
people  Northern  Africa  would  disappear,  and  the  region  would 
gradually  become  fitted  for  the  reception  of  a  population  of  species 
perfectly  dissimilar  in  their  forms,  habits,  and  organization. 

There  are  always  some  peculiar  and  characteristic  features  in  the 
physical  geography  of  each  large  division  of  the  globe ;  and  on  these 
peculiarities  the  state  of  animal  and  vegetable  life  is  dependent.  If 
therefore,  we  admit  incessant  fluctuations  in  the  physical  geography, 
we  must,  at  the  same  time,  concede  the  successive  extinction  of 
terrestrial  and  aquatic  species  to  be  part  of  the  economy  of  out 
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Effects  of  a  general  Alteration  in  Climate  on  the  Distribution  of 

Species. 

Some  of  the  effects  which  must  attend  everj  general  alteration  of 
climate  are  sufficiently  peculiar  to  claim  a  separate  consideration 
before  concluding  the  present  chapter. 

I  have  before  stated  that,  during  seasons  of  extraordinary  severity, 
many  northern  birds,  and  in  some  countries  many  quadrupeds,  mi- 
grate southwards.  If  these  cold  seasons  were  to  become  frequent, 
in  consequence  of  a  gradual  and  general  refrigeration  of  the  atmo- 
sphere, such  migrations  would  be  more  and  more  regular,  until,  at 
length,  many  animals,  now  confined  to  the  arctic  regions,  would 
become  the  tenants  of  the  temperate  zone ;  while  the  inhabitants  of 
the  temperate  zone  would  approach  nearer  to  the  equator.  At  the 
same  time,  many  species  previously  established  on  high  mountains 
would  begin  to  descend,  in  every  latitude,  towards  the  middle  regions; 
and  those  which  were  confined  to  the  fianks  of  mountains  would  make 
their  way  into  the  plains.  Analogous  changes  would  also  take  place 
in  the  vegetable  kingdom. 

If,  on  the  contrary,  the  heat  of  the  atmosphere  be  on  the  increase, 
the  plants  and  animals  of  low  grounds  would  ascend  to  higher  levels, 
the  equatorial  species  would  migrate  into  the  temperate  zone,  and 
those  of  the  temperate  into  the  arctic  circle. 

But  although  some  species  might  thus  be  preserved,  every  great 
change  of  climate  must  be  fatal  to  many  which  can  find  no  place  of 
retreat  when  their  original  habitations  b^ome  unfit  for  them.  For 
if  the  general  temperature  be  on  the  rise,  then  there  is  no  cooler 
region  whither  the  polar  species  can  take  refuge;  if  it  be  on  the 
decline,  then  the  animals  and  plants  previously  established  between 
the  tropics  have  no  resource.  Suppose  the  general  heat  of  the 
atmosphere  to  increase,  so  that  even  the  arctic  region  became  too 
warm  for  the  musk-ox  and  rein-deer,  it  is  clear  that  they  must 
perish ;  so  if  the  torrid  zone  should  lose  so  much  of  its  heat  by  the 
progressive  refrigeration  of  the  earth's  surface  as  to  be  an  unfit 
habitation  for  apes,  boas,  bamboos,  and  palms,  these  tribes  of  animals 
and  plants,  or,  at  least,  most  of  the  species  now  belonging  to  them, 
would  become  extinct,  for  there  would  be  no  warmer  latitudes  for 
their  reception. 

It  will  follow,  therefore,  that  as  often  as  the  climates  of  the  globe 
are  passing  from  the  extreme  of  heat  to  that  of  cold  —  from  the 
summer  to  the  winter  of  the  great  year  before  alluded  to*  —  the 
migratory  movement  will  be  directed  constantly  from  the  poles 
towards  the  equator;  and  for  this  reason  the  species  inhabiting 
parallel  latitudes,  in  the  northern  and  southern  hemispheres,  must 
become  widely  different  For  I  assume,  on  grounds  before  explained, 
that  the  original  stock  of  each  species  is  introduced  into  one  spot  of 

*  See  above,  chi^.  vil  p.  1 12. 


698  ErrBCTS  or  cqakoes  in  cliuatb      [Oi;.] 

the  earth  only,  and,  consequently,  no  species  can  be  at  oaoe  Indif 
in  the  arvtic  and  antarctic  circles. 

But  when,  on  the  contrary,  a  eeries  of  changes  in  the  pl| 
geography  of  the  globe,  or  any  other  supposed  caa»e, 
elevation  of  the  general  temperature, — when  there  is  & 
the  winter  to  one  of  the  vernal  or  summer  seasons  of  tb«  pcif 
of  climate, — then  the  order  of  the  migratory  moTBtncnt  h 
The  difTL'reot  species  of  nnimols  and  plants  direct  lh«ir 
the  equator  towards  the  poles  i  and  the  nonhem  aod 
bemispherea  may  hecome  peopled  to  a  certain  liuilod  < 
identical  Bpccies. 

I  say  limited  hccause  wc  cannot  gpecul&(o  on  tbe  eat 
position  of  a  group  of  animals  and  plants  from  Irupical  In  piivl| 
tuitea,  or  the  reverse,  as  a  probable  or  even  poiuiblu  crenU  W»|l 
iK'lieve  the  mean  annual  temperature  of  one  lunc  in  be  tmtda 
to  another,  but  we  know  that  the  same  climate  cunoot  bu  » 
Whatever  be  the  general  temperature  of  tlkn  earth's  watfte 
parative  equability  of  heat  will  characleriic  (he  tropical  r 
while  great  periodical  variations  will  belong  to  the  i 
still  more  to  the  polar  latitudes.  These,  and  many  otherpi 
connected  with  heat  and  light,  depend  on  fixed  astroooiBia)  OH 
such  as  the  motion  of  the  earth  and  its  position  in  reUiioBtfl 
sun,  and  not  on  those  fluctuations  of  its  surface,  which  may  Latafl 
the  general  temperature. 

Among  many  obstacles  to  such  extensive  traasferenc^of  habinfil 
we  must  not  forget  the  immense  lapse  of  time  required,  wxarStt 
the  hypothesis  before  suggested,  to  bring  about  a  considerable  iA« 
in  climate.  During  a  period  so  vast,  the  other  causes  of  «iiiT*fil 
before  enumerated,  would  exert  so  powerful  an  influence  as  U>  pWW 
all,  save  a  very  few  hardy  species,  from  passing  from  cqo>t<3flil 
ptilar  regions,  or  from  the  tropics  to  the  pole." 

Bui  the  power  of  accommodation  to  new  circumstances  it  gntf 
certain  species,  and  might  enable  many  to  pa^s  from  ooe  Mft 
another,  if  the  mean  annual  heat  of  the  atmosphere  and  tb«M 
were  greatly  altered.  To  the  marine  tribes,  especially,  Mt 
passage  would  be  possible ;  for  they  are  less  impeded  in  ibcit  wif 
tions  by  barriers  of  land,  than  are  the  terrcatrial  by  the  occtt>  i 
to  this,  that  the  temperature  of  the  ocean  is  much  tDor«  aatorM^ 
that  of  the  atmosphere  investing  the  land ;  so  tlut  we  Miy  M 
suppose  that  most  of  the  testaceo,  fish,  and  other  rlinpwi.  migftf  f 
from  the  equatorial  into  the  temperate  regions,  if  the  tasM  Wa| 
ralure  of  tliose  regions  were  transposed,  although  a  Mcond  upati 
tion  of  these  species  of  tropical  origin  into  tha  arctic  and  antan 
circles  would  probably  be  impossible. 

Let  us  now  consider  more  particularly  the  effect  of  TJriirin-tr 
climate  in  causing  one  species  to  gire  way  before  the  iaOMi 
numbers  of  some  other. 

*  8eeaboT«clJ4M.fi.*iLandvttL 
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■^  When  temperature  forms  the  barrier  which  arresti  the  pn^reas 
of  «n  animal  or  phwt  in  ■  particular  direction,  the  indiriduals  are 
^fewer  and  less  rigorous  as  the;  approach  the  extreme  confines  of  the 
^geographical  range  of  the  species.  But  these  stragglers  are  ready 
dto  multiply  rapidlj  on  the  slightest  increase  or  diminution  of  heat 
'athat  may  be  favourable  to  them,  just  as  particular  insects  increase 
K^during  a  hot  summer,  and  certain  plants  and  animals  gain  ground 
•=  after  a  series  of  congenial  seasons. 

.  -  In  almost  every  district,  especially  if  it  be  mountainous,  tiiere  ars 
s£  a  Tariety  of  species  the  limits  of  whose  habitations  are  conterminous, 
some  being  unable  to  proceed  farther  without  encouDteriDg  too  much 
i  :  heat,  others  too  much  cold.  Individuals,  which  are  thus  on  the 
l:  Imrders  of  the  regions  proper  to  their  respective  species,  are  like  the 
s  outposts  of  hostile  armies,  ready  to  profit  fay  every  slight  change  of 
t~  drcumstances  in  their  favour,  and  to  advance  upon  the  ground  occn- 
,-.    pied  by  their  neighbours  and  opponents. 

£         The  proximity  of  distinct  climates  produced  by  the  inequalities  of 

-     tlie  earth's  surface,  bring  species  possessing  very  different  constltn- 

c     tions  into  such  immediate  contact,  that  their  naturalizations  are  very 

r     speedy  whenever   opportunities  of  advancing  present  themselves. 

(     Idbwy  insects  and  plants,  for  example,  are   common  to  low  plains 

vithin  the  arctic  circle,  and  to  lofty  mountains  in  Scotlasd  and  other 

:     puts  of  Europe.     If  the  climate,  therefore,  of  the  polar  regions  were 

transferred  to  our  own    latitudes,   the  species   in   question   would 

immediately  descend  from  these  elevated  stations  to  overmn  the 

low  grounds.     Invasions  of  this  kind,  attended  by  the  expulsion  of 

the  pre-occupants,  are  almost  instantaneous,  because  the  change  of 

temperature  not  only  places  the  one  species  in  a  more  favourable 

position,  but  renders  the  others   sickly   and  almost  inc^nble  of 

defence. 

Thete  ckanget  inconsittenl  with  the  thtory  of  transmutation. — 
Liomarck,  when  speculating  on  the  transmutation  of  species,  supposed 
every  modiHcation  in  ot^aniiation  and  instinct  to  be  brought  about 
slowly  and  insensibly  in  an  indefinite  lapse  of  ages.  But  he  does 
not  appear  to  have  sufficiently  considered  bow  much  every  alteration 
in  the  physical  condition  of  the  habitable  surfsce  changes  the  relations 
of  a  great  number  of  co-existing  species,  and  that  some  of  these 
would  be  ready  instantly  to  avail  themselves  of  the  slightest  change 
in  their  favour,  and  to  mnltiply  to  the  injury  of  others.  Even  if  we 
thought  it  possible  that  the  palm  or  the  elephant,  which  now  flourish 
in  equatorial  regions,  could  ever  learn  to  bear  the  variable  seasons  of 
our  temperate  zone,  or  the  rigours  of  an  arctic  winter,  we  might  with 
no  less  confidence  affirm,  that  they  must  perish  before  they  had  time 
to  become  habituated  to  such  new  circumstances.  That  they  would 
be  displaced  by  other  species  as  often  as  the  climate  varied,  may  be 
inferred  from  the  data  before  explained  respecting  the  local  extermi- 
nation of  species  produced  by  the  multiplication  of  others. 

Suppose  the  climate  of  the  highest  part  of  the  woody  zone  of  EtnA 
to  be  transferred  to  the  sea-shore  at  the  base  of  the  mountuo,  no 
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botanist  would  anticipate  that  the  olive,  )emon-trr«,  *ad  prirUjf* 
[Cactus  Opuntia)  would  be  abk  to  conteoil  witli  (b«  uok  ■ 
nut,  wbicli  would  begin  forthwith  to  descend  to  n  lower  \t*4s 
that  these  last  would  be  able  to  stand  tbeir  ground  againct  lW(|! 
which  would  also,  in  the  space  of  a  few  yearm  begin  to  ooc^ 
loner  position.  We  might  form  some  kind  of  cstinute  bf  ikal 
irhich  might  be  required  for  tke  migrations  of  thoM  planu ;  «li 
we  have  no  data  for  concluding  that  any  number  of  tlwoaod 
years  would  be  suificient  for  one  step  in  the  )>retend«d  ncH 
phosia  of  one  species  into  anbtber,  possessing  distinct  «itrihaM< 

This  argument  is  applicable  not  merely  to  clanalt,  but  tanyl 
cause  of  mutation.     However  slowly  a  lake  may  be  ccavoWii 
marsh,  or  a  marsh  into  a  meadow,  it  is  evident  that  belore  tbe  M 
trine  plants  can  acquire  the  power  of  living  in  marabea,  or  theH 
plants  of  living  in  a  less  humid  soil,  other  species,  •Ircady  e^m^ 
in  the  region,  and  fitted  for  these  several  stations,  will  iatnrfe  rt 
keep  poBsession  of  the  ground.     So,  if  a  tract  of  aalt  wattf  baMi 
fresh  by  passing  through  every  intermediate  degr%«  of  brackiilM 
still  the  marine  mollusks  will  never  be  permitted  to  be  gndvaBfB 
tamorphosed  into  tinvialile  species ;    because    long  before  >af  4 
tmnsformation  can  lake  place  by  slow  ond  insensible  degrcM,  M 
tribes,  already  formed  to  delight  in  brackish  or  fresh  water,  "lE  ••■ 
themselves  of  the  change  in  the  fluid,  and  will,  each  in  tbtiitM 
monopolize  the  space. 

It  is  idle,  therefore,  to  dispute  about  the  abstract  possibibty  ft  A 
conversion  of  one  species  into  another,  when  there  are  knowo  COM 
80  much  more  active  in  their  nature,  which  must  alwa/s  ioMn* 
and  prevent  the  actual  accomplishment  of  such  eoorenieK  ' 
faint  imi^e  of  the  rertain  doom  of  a  species  less  fitted  loW^ 
with  some  new  condition  in  a  region  which  it  previuoalj  iiAMi 
and  where  it  has  to  contend  with  a  more  vigorous  species,  iapiu— 
by  the  extirpation  of  savage  tribes  of  men  by  the  adTandngMta 
of  some  civilised  nation.  In  this  case  tho  contest  ts  ttterely  bem 
two  different  raca — two  varieties,  moreover,  of  a  species  *!■ 
exceeds  all  others  in  its  aptitude  to  accommodate  its  habit*  tat! 
most  extraordinary  variations  of  circumstances.  Yet  few  fiM 
events  are  more  certain  than  the  speedy  extermination  of  tbe  laSt 
of  North  America  and  the  savages  of  New  Holland  in  tbe  nww 
a  few  centuries,  when  these  tribes  will  be  remembered  onlj  !■  pMt 
or  history. 


Concluding  remnrlis,  — We  often  hear  nslonishmcol  ( 
the  disappearance  from  the  earth  in  times  coin  para  tivelj  HoilB 
many  small  as  well  as  large  animals,  the  remains  of  which  hen  hi 
found  in  a  fossil  state,  under  circumstances  implying  that  Beith«a 
great  geographical  revolution,  nor  the  exterminating  inJliMBae  tf  ■ 
has  intervened  to  account  for  their  eztinctioiL    But  in  aU  mek  €■ 
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[,we  should  inquire  whether  we  are  sufficiently  acquainted  with  the 
^numerous  and  complicated  conditions  on  which  the  perpetuation 
,o£  each  species  depends,  to  entitle  us  to  wonder  if  it  should  be  sud- 
^denlj  cut  off. 

Mr.  Darwin,  when  calling  attention  to  the  fact  that  the  horse, 
megatherium,  megalonyx,  and  many  contemporary  Mammalia,  had 
perished  in  Sotfth  America  after  that  continent  had  acquired  its 
present  configuration,  and  when,  if  we  may  judge  by  the  Testacea, 
the  climate  very  nearly  resetnbled  the  present,  observes,  *'that  in 
the  living  creation  one  species  is  often  extremely  rare  in  a  given 
region,  while  another  of  the  same  genus  and  with  closely  allied  habits 
is  exceedingly  common.  A  zoologist  familar  with  such  phenomena, 
if  asked  to  explain  them,  usually  replies,  that  some  slight  difference 
in  climate,  food,  or  the  number  of  its  enemies,  must  determine  the 
relative  strength  of  the  two  species  in  question,  although  we  may  be 
unable  to  point  out  the  precise  manner  of  the  action  of  the  check. 
We  are,  therefore,  driven  to  the  conclusion,  that  causes  generally 
quite  inappreciable  by  us,  determine  whether  a  given  species  shall  be 
abundant  or  scanty  in  numbers.  Why,  then,  should  we  feel  as- 
tonishment if  the  rarity  is  occasionally  carried  a  step  farther,  —  to 
extinction?^* 


CHAPTER  XLin. 

EXTINCTION  AND   CREATION  OP   SPECIES. 

1h»ory  of  the  successiye  extinction  of  species  consistent  with  a  limited  geographical 
distribution — Opinions  of  botanists  respecting  the  centres  from  which  plants 
have  been  diffused — Whether  there  are  grounds  for  inferring  that  the  loss,  from 
time  to  time,  of  certain  animals  and  plants,  is  compensated  by  the  introduction  of 
new  species  ? — Whether  any  evidence  of  such  new  creations  could  be  expected 
within  the  historical  era?  —  The  question  whether  the  existing  species  have 
been  created  in  succession  must  be  decided  by  geological  monuments. 

Successive  Extinction  of  Species  consistent  with  their  limited 

Geographical  Distribution, 

.  In  the  preceding  chapters  I  have  pointed  out  the  strict  dependence 
of  each  species  of  animal  and  plant  on  certain  physical  conditions  in 
the  state  of  the  earth's  surface,  and  on  the  number  and  attributes  of 
other  organic  beings  inhabiting  the  same  region.  I  have  also 
endeavoured  to  show  that  all  these  conditions  are  in  a  state  of 
continual  fluctuation,  the  igneous  and  aqueous  agents  remodelling, 

•  Joom.  of  Nat  Hist  &c  2d  edit,  1845,  p.  175.;    also  Lyell's  2d  Visit  to 
At  Unitod  States  voL  i  pi  351. 
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from  time  to  lime,  the  phyricJ  geography   of  the  gUAt,  M 
iiilgrationft  of  species  causing  new  relatioua  to  spring  up 
between  different  organic  beings.     I  have  deiloced  as  • 
the  species  existing  at  an;  particular  period,  must,  in 
ages,  become  extinct  one  afier  ihe  other.     "They  must 
borrow  an  emphatieal  expreasioD  from  Buffoo,  "  becauM  Ta 
against  them-" 

U  t)ie   views   which   1   have    taken    are  juai,    ibere  w3 
difficulty  in  explaining  why   the   habiutiuna    uf  m   naaj  qi 
are  now  restrained  witliin  exceedingly  narrow  Umtia.     BMfl 
revolution,  such  as  those  contemplated  in  the  preceding  UH^ml 
to  circumscribe  the  range  of  some  specie*,  while  it  *a]arjft\ 
others ;  and  if  we  ore  led  to  infer  that  new  ipcci< 
apot  only,  each  must  require  time  to  diffuae  itxelf  urer  a 
It  will  follow,  therefore,  from  the  adoption  of  tliis  bypalha 
recent  origin  of  »ome  species,  and  the  higli  aniiqnity  of 
equally  consistent  with  the  general  fact  of  tbeir  limited  di 
some  being  local,  because  they  have  not  existed  king  tuMN^ 
of  their  wide  dissemination ;  others,  becauae  circumstanM  J 
animate  or  inanimate  world  have  occurred  to  restrict  U*e 
they  mny  once  have  obtained.     As  a  general  rtile,  howfo;  ^ 
common  to  many  distant  provinces,  or  tho«e  now  fonnj  vt'tii 
very  distant  parts  of  the  globe,  are  to  be  regarded  as  the  mewwx 
Numerically  speaking,  they  may  not  perhaps  be  largely  rrjM^ 
but  their  wide  diffuaion  shows  that  they  have  had  a  locj  >■■■ 
spread  themselves,  and  have  been  able  to  survive  many  ispd 
revolulions  in  physical  geography. 

After  so  much  evidence  liaa  been  brought  to  light  by  the  p<fc| 
of  land  and  sea  having  changed  places  in  various  regioas  eW  i 
existing  species  were  in  being,  we  can  feel  no  surpiife  iW  I 
lootogist  and  botanist  have  hitherto  found  il  difficult  to  rtfx' 
geograpliicai  distribution  of  species  to  any  clear  wid  ddstfi 
principles,  since  they  have  usually  speculated  on  tbe  fi^d 
upon  the  assumption  that  the  physical  geography  of  tbc  (W*< 
uudurgone  no  material  alteration  since  tbe  iatroductioa  «f  thaifi 
now  living.  So  long  as  thiii  assumption  was  made,  tbe  tttuvi* 
to  the  geography  of  plants  and  animals  appeared  capnosa*  >■ 
extreme,  and  by  many  the  subject  was  pronounced  lo  he  M  U 
mystery  and  anomalies  that  the  establishment  of  a 
was  hopeless.' 


L 


•  Tliis  «nd  the  piMecUiig  thapler,  on  parU  of  (be  globe 

c  ciuicB  of  cKlinction  uf  apedw  auil    an.-ounl  whca  •»  c ._ 

i-it  )inuiun[  foogntphical  ditfributioa,  the    •ciual    icoiiaca   W   (^■'{J 

p  rvprinlcd  ■Initst  Trrhatini  Irom  Lbc  ■miniiiH,  the  duogn  dhW  kM 

ijtinat  rdition  of  (fa«  Kcond  Tolnnie  of  been  ptaned  hj  nsioficrf  efiMi 

rhe  Pnaciplu,"  publithed  in  Jummrj.  be  KibMqaau  m  Sm  oMtka  «<  a  I 

IS32.     li  <TW  I  bciicTc  tbe  fint  atiompi  froponioa  «f  iba  ipecki  b»  in^ 

lo  [uint  uDl  how  tonncf  chaugea  in  lite  iheae  hanif  iMMt,  —  ■"*^  M  tl^ 

pofcn^bil  and  local  climiM  of  maay  whichIaj>n«l>d,inB»<— <fc* 
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"^9  from  which  plants  have  been  diffused. —  Some  botanists 
^,  in  accordance  with  the  hypothesis  of  Willdenow^  that 
ns  were  the  centres  of  creation  from  which  the  plants  now 
ng  large  continents  have  radiated ;  to  which  De  Candolle  and 
Mrith  much  reason,  objected,  that  mountains,  on  the  contrary, 
n  the  barriers  between  two  provinces  of  distinct  vegetation, 
^legist  who  is  acquainted  with  the  extensive  modifications 
he  surface  of  the  earth  has  undergone  in  very  recent  geo- 
spochs,  may  be  able,  perhaps,  to  reconcile  both  these  theories 
application  to  different  regions. 

ty  range  of  mountains,  which  is  so  ancient  as  to  date  from  a 
sv^hen  the  species  of  animals  and  plants  differed  from  those 
ing,  will  naturally  form  a  barrier  between  contiguous  pro- 

but  a  chain  which  has  been  raised,  in  great  part,  within 
ch  of  existing  species,  and  around  which  new  lands  have 
rom  the  sea  within  that  period,  will  be  a  centre  of  peculiar 
on. 
France,"  observes  De  Candolle,  ''the  Alps  and  Cevennes 

a  great  number  of  the  plants  of  the  south  from  spreading 
ves  to  the  northward ;  but  it  has  been  remarked  that  some 
have  made  their  way  through  the  gorges  of  these  chains,  and 
id  on  their  northern  sides,  principally  in  those  places  where 
i  lower  and  more  interrupted."*  Now  the  chains  here  alluded 
probably  been  of  considerable  height  ever  since  the  era  when 
(ting  vegetation  began  to  appear,  and  were  it  not  for  the 
sures  which  divide  them,  they  might  have  caused  much  more 
terminations  to  the   extension  of   distinct  assemblages  of 

of  the  Italian  peninsuU,  on  the  other  hand,  have  gained  a 
'able  portion  of  their  present  height  since  a  migority  of  the 
Bpecies  now  inhabiting  the  Mediterranean,  and  probably,  also, 
e  terrestrial  plants  of  the  same  region  were  in  being.  Large 
r  land  have  been  added,  both  on  the  Adriatic  and  Mediterra- 
le,  to  what  originally  constituted  a  much  narrower  range  of 
ins,  if  not  a  chain  of  islands  running  nearly  north  and  south, 
*sica  and  Sardinia.  It  may  therefore  be  presumed  that  the 
nes  have  been  a  centre  whence  species  have  diffused  them- 
)ver  the  contiguous  lower  and  newer  regions.  In  this  and 
ogous  situations,  the  doctrine  of  Willdenow,  that  species 
idiated  from  the  mountains  as  from  centres,  may  be  well 


not  all  at  one  geological  epoch,  repeated  in  Elements  of  QeoL,  9d  edit, 

ird  Tolume,  published  in  Maj,  toL  L  p.  297.)    This  line  of  reasoning 

innounced  my  conTiction  that  has  since  he<m  ablj  followed  up  and 

•r  part  of  the  existing  Fauna  elucidated  by  Professor  £.  Forbes  in  an 

I  of  Sicily  were  older  than  the  excellent   paper   (published   in    1846) 

s.  plains,  and  rivers,  which  the  ahneadj  allnded  ta    (See  page  8S.) 
te  of  animals  and  plants  now        *  Essai  Elemeotaiit,  &c.  p.  46. 
(Frin.  of  QeoL  voL  iiL  ch.  iz. ; 
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Introduction  of  !few  Spteies. 

K  the  reader  should  infer,  from  the  facta  Uid  befan  b 
preceding  chapters,  that  the  successive  extioMion  of  utind 
plants  may  be  part  of  the  constant  and  regular  courw  of  imIh 
will  naturally  inquire  whether  there  are  ony  metana  prorideAft 
repair  of  these  losses  ?  Is  it  part  of  the  econamy  of  our  mm 
the  habitable  globe  should,  to  a  certnin  e^dt^ni,  become  dnoM 
both  in  the  ocean  and  on  the  land;  or  that  the  vnnvijoltf 
should  diminish  until  some  new  era  arrires  whpn  ■  new  aad  ea 
dinary  effort  of  creaiice  energy  is  to  be  displayml  ?  Or  b  tl  m 
that  new  species  can  be  called  into  being  from  timr  to  Unw,  i^ 
that  Bo  astonishing  a  phenomenon  can  escape  thcobserraXioooW 
rali^t^  ?  m 

Humboldt  has  characterised  these  subjects  ns  amonc  the  ■«■ 
which  nuturul  science  cannot  reach  ;  and  he  observes  tint  tbcM 
gnticin  of  the  origin  of  beings  does  not  iK-long  lo  fooJMM 
b.)Unical  geography.  To  geology,  however,  th«so  top^T^iq 
npiKtrtain;  and  this  science  is  chiefly  int«r«Hted  in  ioqiiiriMM 
state  of  the  animate  crention  as  it  now  exists;  with  a  v i^-p  ^ p3 
out  its  relations  to  antecedeni  periods  when  its  conditioo  rt  J 

Before  offering  nny  hypothesis  towards  Ibe  solution  of  m  <fiM 
problem,  let  us  consider  what  kind  of  evidence  we  ougbt  uetfl 
in  the  present  state  of  science,  of  the  first  appearance  of  oeviste 
or  plants,  if  we  could  imagine  the  successive  creation  ot  tfom' 
constitute,  like  their  gradual  extinction,  a  regular  part  of  th«  m^ 
of  nature. 

In  the  first  place,  it  is  obviously  more  easy  to  prove  (bat  a  Midi 
once  numerously  represented  in  a  given  district,  has  \.  tn.4  »li 
ihnn  that  some  other  which  did  not  pre-exist  has  madeiOMM 
ance — assuming  always,  for  reasons  before  stated,  ihalmvltMi 
only  of  each  animal  and  plant  are  originally  cnateL  arf  M 
individuals  of  new  species  do  not  suddenly  start  op  i 
places  at  once. 

So  imperfect  has  the  science  of  natural  history  r 
our  own  times,  that,  within  the  memory  of  persons  ■ 

numbers  of  known  animals  and  plants  have  been  d 

quadrupled,  in  many  classes.    New  and  often  cotupkooM^e^M 
annually  discovered  in  parts  of  the  old  contloent,  Ifmg  rihH  "" 
the   most   civilized   nations.     Conscious,    therefore,  of  tkc  I 
extent  of  our  informaiioD,  we  always  infer,  when  aoA  i 
are  made,  that  the  beings  in  (juestton  had    prcnoinlT  f. 
research  ;  or  had  at  least  esisleil  elsewhent,  and  only  mimMt  M 
rwrnl  period  into  the  territories  where  we  miw  Snd  iboa.    If* 
difficult,  even  in  contemplation,  to  anticipate  t&e  time  wbea  ii«^ 
be  entitled  to  make  any  other  hypothesis  in  ti^nd  to  ml  ifa  ■  ' 
uibcs,  and  to  by  far  the  greater  number  of  tbo  ti 
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Urdi,  whicb  poasees  >i  v  vi:'';  »d  powers  of  migration;  inseda 
which,  besides  the  vBri.bilily  wi  tiach  species  in  nnmber,  are  also  so 
capable  of  heiog  diffused  to  vast  distances ;  and  ciyptogamoua  pbrntS) 
to  which,  as  to  many  other  classes,  both  of  the  animal  and  Tegetable 
kingdom,  similar  observations  are  applicable. 

fnat  kind  of  evidenee  of  new  enationt  could  b«  expecudi— 
"What  kind  of  proofs,  therefore,  could  we  reasonably  expect  to  find  of 
tite  origin  at  a  particular  period  of  a  new  species  ? 

Ferhaps  it  may  be  said  in  reply  that,  within  the  last  two  or  throA 
centuries,  some  forest  tree  or  new  quadruped  might  bave  been 
observed  to  appear  suddeuly  in  those  parts  of  England  or  Franco 
which  bad  been  most  thoroughly  investigated] — that  saturalists 
might  have  been  able  to  show  that  no  such  living  being  inbabited 
■oy  other  region  of  the  globe,  and  that  there  was  no  tradition  of  any 
thing  similar  having  before  been  observed  in  the  district  where  it 
had  made  its  appearance. 

Now,  although  this  objection  may  seem  plausible,  yet  its  force  will 
be  found  to  depend  entirely  on  the  rate  of  fluctuation  which  we 
•appose  to  prevail  in  the  animate  world,  and  on  the  proportion  which 
nch  conspicuous  sulgects  of  the  animal  and  vegetable  kingdoms  bear 
to  those  which  are  lesa  known  and  escape  our  observation.  There 
are  perliaps  more  tban  a  million  species  of  plants  and  animals, 
crxelusive  of  the  microscopic  and  infusory  animalcules,  now  inhabiting 
the  terraqueous  globe.  The  terrestrial  plants  may  amount,  says  Da 
CandoUe,  to  somewhere  between  110,000  and  120,000*;  but  the  data 
on  which  this  conjecture  is  founded  are  considered  by  many  botanists 
to  be  vague  and  unsatisfactory.  Sprengel  only  enumerated,  in  1827, 
■bout  31,000  known  pheenogamous,  and  6000  crypt ogamous  plants; 
bat  that  naturalist  omitted  many,  perhaps  7000  phenogamons,  and 
lOOO  cryptogamous  species.  Mr.  Lindley,  in  a  letter  to  the  author 
Id  1836,  expressed  bis  opinion  that  it  would  be  rash  to  speculate  on 
the  existence  of  more  than  80,000  phtenogamous,  and  10,000  ciyp- 
togamous  plants.  "  If  we  take,"  he  says,  in  a  letter  to  the  author  on 
this  subject,  "37,000  as  the  number  of  published  phsenogsmons 
■pecies,  and  then  add,  for  the  undiscovered  species  in  Ada  and  New 
H<dtand  15,000,  in  Africa  10,000,  and  in  America,  18,00C^  we  have 
SC^OOO  species ;  and  if  7000  be  the  number  of  published  cryptogamous 
plants,  and  we  allow  3000  for  the  undiscovered  species  (making 
lOflOO),  there  would  then  be,  on  the  whole,  90,000  species."  But 
rince  that  period  one  catalogue,  as  I  learn  from  Dr.  J.  Hooker,  con- 
buns  a  list  of  the  names  of  78,000  phsenogamous  plants  which  had 
been  published  before  1841. 

It  was  supposed  by  Linnnua  that  there  were  four  or  five  species 
of  insects  in  the  world  for  each  phienogomons  plant:  but  if  we  may 
Judge  from  the  relative  proportion  of  the  two  classes  in  Great  Britain, 
the  number  of  insects  must  be  still  greater ;  for  the  totol  nnmber  of 
£ritish  insects,  "according  to  the  hut  census,"  is  about  12,500  ft 
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in  the  animate  creation.  If  we  divide  the  surface  of  the  earth  into 
twenty  regions  of  equal  area,  one  of  these  might  comprehend  a  space  * 
of  land  and  water  about  equal  in  dimensions  to  Europe,  and  might 
contain  a  twentieth  part  of  the  million  of  species  which  maj  be 
assumed  to  exist  in  the  animal  kingdom.  In  this  region  one  species 
onlj  would,  according  to  the  rate  of  mortality  before  assumed,  perish 
in  twenty  years,  or  only  five  out  of  fifty  thousand  in  the  course  of  a 
century.  But  as  a  considerable  proportion  of  the  whole  would  belong 
to  the  aquatic  classes,  with  which  we  have  a  very  imperfect  acquaint- 
ance, we  must  exclude  them  from  our  consideration ;  and  if  they 
constitute  half  of  the  entire  number,  then  one  species  only  might  be 
lost  in  forty  years  among  the  terrestrial  ti*ibes.  Now  the  Mammalia, 
whether  terrestrial  or  aquatic,  bear  so  small  a  proportion  to  other 
classes  of  animals,  forming  less,  perhaps,  than  one  thousandth  part  of 
the  whole,  that  if  the  longevity  of  species  in  the  different  orders  were 
equal,  a  vast  period  must  elapse  before  it  would  come  to  the  turn  of 
this  conspicuous  class  to  lose  one  of  their  number.  If  one  species 
only  of  the  whole  animal  kingdom  died  out  in  forty  years,  no  more 
than  one  mammifer  might  disappear  in  40,000  years  in  a  region  of 
the  dimensions  of  Europe. 

It  is  easy,  therefore,  to  see,  that  in  a  small  portion  of  such  an 
area,  in  countries,  for  example,  of  the  size  of  England  and  France, 
periods  of  much  greater  duration  must  elapse  before  it  would  be 
possible  to  authenticate  the  first  appearance  of  one  of  the  larger 
plants  and  animals,  assuming  the  annual  birth  and  death  of  one 
species  to  be  the  rate  of  vicissitude  in  the  animate  creation  through- 
out the  world. 

The  observations  of  naturalists,  upon  living  species  may,  in  the 
course  of  future  centuries,  accumulate  positive  data,  from  which  an 
insight  into  the  laws  which  govern  this  part  of  our  terrestrial  system 
may  be  derived  ;  but,  in  the  present  deficiency  of  historical  records, 
we  have  traced  up  the  subject  to  that  point  where  geological  monu- 
ments alone  are  capable  of  leading  us  on  to  discovery  of  ulterior 
truths.  To  these,  therefore,  we  must  appeal,  carefully  examining 
the  strata  of  recent  formation  wherein  the  remains  of  living  species, 
both  animal  and  vegetable,  are  known  to  occur.  We  must  study 
these  strata  in  strict  reference  to  their  chronological  yrder,  as  deduced 
from  their  superposition,  and  other  relations.  From  these  sources  we 
may  learn  which  of  the  species,  now  our  contemporaries  ^^^Q  sur- 
vived the  greatest  revolutions  of  the  earth's  surface;  which  of  them 
have  co-existed  with  the  greatest  number  of  animals  and  plants  now 
extinct ;  and  which  have  made  their  appearance  only  when  the  ani- 
.mate  world  had  nearly  attained  its  present  condition. 

From  such  data  we  may  be  enabled  to  infer,  whether  species  have 
been  called  into  existence  in  succession,  or  all  at  one  period ;  whether 
singly,  or  by  groups  simultaneously ;  whether  the  antiquity  of  man 
be  as  high  as  that  of  any  of  the  inferior  beings  which  now  share  the 
planet  with  him,  or  whether  the  human  species  is  one  of  the  most 
recent  of  the  whole. 

Z  Z  3 
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or  lignite,  be  thus  formed  in  the  subaqueons  r^ons,  a  change  in  the 
Bubmariue  geography  maj  be  aaid  to  have  resulted  from  the  acUoa 
of  organic  powers.  So  in  regard  to  the  growth  of  coral  reefs ;  it  is 
probable  that  a  large  portion  of  the  matter  of  which  they  are  com- 
posed is  supplied  by  mineral  springs,  which  often  rise  up  at  the 
bottom  of  the  sea,  and  which,  on  land,  abound  throughout  yolcanie 
regions  hundreds  of  leagues  in  extent.  The  matter  thus  constantly 
given  out  could  not  go  on  accumulating  for  ever  in  the  waters,  but 
would  be  precipitated  in  the  abysses  of  the  sea,  even  if  there  were  no 
polyps  and  testacea ;  but  these  animals  arrest  and  secrete  the  carbo- 
nate of  lime  on  the  summits  of  submarine  mountains,  and  form  reefs 
many  hundred  feet  in  thickness,  and  hundreds  of  miles  in  length, 
where,  but  for  them,  none  might  ever  have  existed. 

fFhtf  the  vegetable  sail  does  not  augment  in  thickness.  ^^JS  no 
such  voluminous  masses  are  formed  on  the  land,  it  is  not  from  the 
want  of  solid  matter  in  the  structure  of  terrestrial  animals  and  plants ; 
but  merely  because,  as  I  have  so  often  stated,  the  continents  are 
those  parts  of  the  globe  where  accessions  of  matter  can  scarcely  ever 
take  place  —  where,  on  the  contrary,  the  most  solid  parts  abready 
formed  are,  each  in  their  turn,  exposed  to  gradual  degradation.     The 
quantity  of  timber  and  vegetable  matter  which  grows  in  a  tropical 
forest  in  the  course  of  a  century  is  enormous,  and  multitudes  of  animal 
skeletons  are  scattered  there  during  the  same  period,  besides  innume- 
rable land  shells  and  other  9rganic  substances.   The  aggregate  of  these 
materials,  therefore,  might  constitute  a  mass  greater  in  volume  than 
that  which  is  produced  in  any  coral-reef  during  the  same  lapse  of 
jears ;  but,  although  this  process  should  continue  on  the  land  for 
ever,  no  mountains  of  wood  or  bone  would  be  seen  stretching  far  and 
wide  over  the  country,  or  pushing  out  bold  promontories  into  the 
8ea«     The  whole  solid  mass  is  either  devoured  by  animals,  or  decom* 
poses,  as  does  a  portion  of  the  rock  and  soil  on  which  the  animals  and 
plants  are  supported. 

The  waste  of  the  strata  themselves,  accompanied  by  the  decompo- 
sition  of  their  organic  remains,  and  the  setting  free  of  their  alkaline 
ingredients,  is  one  source  from  whence  running  water  and  the 
atmosphere  may  derive  the  materials  which  are  absorbed  by  the  roots 
and  leaves  of  plants.  Another  source  is  the  passage  into  a  gaseous 
form  of  even  the  hardest  parts  of  animals  and  plants  which  die  and 
putrefy  in  the  air,  where  they  are  soon  resolved  into  the  elements  of 
which  they  are  composed :  and  while  a  portion  of  these  constituents 
is  volatilized,  the  rest  is  taken  up  by  rain-water,  and  sinks  into  the 
earth,  or  flows  towards  the  sea ;  so  that  they  enter  again  and  again 
into  the  composition  of  different  organic  beings. 

The  principal  elements  found  in  plants  are  hydrogen,  carbon,  and 
oxygen ;  so  that  water  and  the  atmosphere  contain  all  of  them,  either 
in  their  own  composition  or  in  solution.*     The  constant  supply  of  ' 

*  8ee  tome  good  remarks  on  the  Fomiation  of  Soils,  Bskewe]l*8  Geology, 
chapb  xviii 
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these  elements  is  mamtained  not  onl^  hy  the  putrerAction  of  lOt 
ftod  vegetable  substances,  and  the  decaj  of  rocks,  bat  u\mo  hj 
copious  evolution  of  carbonic  acid  and  other  gaeea  from  Tnlrint  i 
mineral  springs,  and  by  the  effects  of  ordinary  evaporatii 
aqueODs  vapours  are  made  to  rise  from  the  ocena,  and 
round  the  globe. 

It  is  well  known  that,  when  two  gases  of  different  specific  gnrisf 
are  brought  into  contact,  even  though  the  heavier  be  the  liiiiiiiiim 
Utej  soon  become  uniformly  diffused  by  mutual  abMirpttoa  tKnN|k 
the  whole  t^pace  which  they  occupy.  By  virtue  of  this  Uw,  llA 
heavy  carbonic  acid  linds  its  way  upwards  through  tbe  IJgklerairrf' 
the  atmosphere,  and  conveys  nourishmeut  to  the  lichen  which  eora*< 
the  mountain  top. 

If  the  quantity  of  food  consumed  by  terrestrial  BDinixlfl,  Mmt  At 
elements  imbibed  by  the  roots  and  leaves  of  plants,  w«ra  dethtf 
entirely  from  that  supply  of  hydrogen,  carbon,  oxygen,  nitrageo,  tai 
other  elements,  given  out  into  the  atmosphere  and  the  waten  by  Ai 
putrescence  of  organic  substances,  then  we  might  imagiae  that  tbt 
vegetable  mould  would,  after  a  series  of  years,  neither  gaio  nnr  !«■ 
a  single  particle  by  the  action  of  organic  beinga;  and  this  eoncttuiM 
is  not  far  from  the  truth;  bat  Ibe  operation  which  icnoraiM  tka 

BUpposed.  Thousands  of  carcases  of  terrestrial  animais  are  floated 
down,  every  century,  into  the  sea;  and,  together  with  forests  of 
drift-timber,  are  imbedded  in  subaqueous  deposits,  where  their 
elements  are  imprisoned  in  solid  strata,  and  may  there  remain  locked 
up  throughout  whole  geological  epochs  before  they  again  beccoK 
subservient  to  the  purposes  of  life. 

On  the  other  hand,  fresh  supplies  are  derived  by  the  atmo^ben 
and  by  running  water,  as  before  stated,  from  the  disintegnttioD  of 
rocks  and  their  organic  contents,  and  through  the  agency  of  mioenl 
springs  from  the  interior  of  the  earth,  from  whence  all  the  elemenu 
before  mentioned,  which  enter  principally  into  the  compo^ittoo  of 
animals  and  vegetables,  are  continually  evolved.  Even  nitrogen  ij 
found,  by  chemists,  to  be  contained  very  generally  in  the  waten  of 
mineral  springs. 

Vegetation  not  an  antagoitist  power  eounterhalancing  tlir  actio*  "}' 
running  scaler — If  we  suppose  that  the  copious  supply  from  ibe 
nether  regions,  by  springs  and  volcanic  vents,  of  carbonic  add  wi 
other  gases,  together  with  the  decomposition  of  rocks,  may  be  jvs 
sufficient  to  counterbalance  that  loss  of  matter  which,  having  almdj 
served  for  the  nourishment  of  animals  and  plants,  is  annually  nrritd 
down  in  organized  forms,  and  buried  in  subaqueous  strata,  *• 
concede  the  utmost  that  is  consistent  with  probability.  An  opini^a- 
however,  has  been  expressed,  that  tbe  processes  of  vegetable  hfe,  ij 
absorbing  various  gases  from  the  atmosphere,  cause  so  lai^  a  ma« 
of  solid  matter  to  accumulate  on  the  surface  of  the  land,  that  thi* 
mass  alone  may  constitute  a  great  counterpoise  to  all  tbe  BatW 
lranspot\ed  to  \Qwet  kvela  by  the  atiueous  agenta  of  decay.    "  T«* 


Ch.  xliv.]     to  the  levelling  power  of  water.  711 

rents  and  rivers,"  it  is  said — "the  waves  of  the  sea  and  marine 
currents — act  upon  lines  onlj;  but  the  power  of  vegetation  to 
absorb  the  elastic  and  non-elastic  fluids  circulating  round  the  earth, 
extends  over  the  whole  surface  of  the  continents.  By  the  silent  but 
universal  action  of  this  great  antagonist  power,  the  spoliation  and 
waste  caused  by  running  water  on  the  land,  and  by  the  movements 
of  the  ocean,  are  neutralized,  and  even  counterbalanced."  * 

In  opposition  to  these  views,  I  conceive  that  we  shall  form  u  juster 
estimate  of  the  influence  of  vegetation,  if  we  consider  it  as  being  in  a 
slight  degree  conservative,  and  capable  of  retarding  the  waste  of 
land,  but  not  of  acting  as  an  antagonist  power.  The  vegetable 
mould  is  seldom  more  than  a  few  feet  in  thickness,  and  frequently 
does  not  exceed  a  few  inches;  and  we  by  no  means  find  that  its 
volume  is  more  considerable  on  those  parts  of  our  continents  which 
we  can  prove,  by  geological  data,  to  have  been  elevated  at  more 
ancient  periods,  and  where,  consequently,  there  has  been  the  greatest 
time  for  the  accumulation  of  vegetable  matter,  produced  throughout 
successive  zoological  epochs.  On  the  contrary,  these  higher  and 
older  regions  are  more  frequently  denuded,  so  as  to  expose  the  bare 
rock  to  the  action  of  the  sun  and  air. 

We  find  in  the  torrid  zone,  where  the  growth  of  plants  is  most 
rank  and  luxurious,  that  accessions  of  matter  due  to  their  agency 
are  by  no  means  the  most  conspicuous.  Indeed  it  is  in  these 
latitudes,  where  the  vegetation  is  most  active,  that,  for  reasons  to  be 
explained  in  the  next  chapter,  even  those  superficial  peat  mosses  are 
unknown  which  cover  a  large  area  in  some  parts  of  our  temperate 
zone.  If  the  operation  of  animal  and  vegetable  life  could  restore  to 
the  general  surface  of  the  continents  a  portion  of  the  elements  of  those 
disintegrated  rocks,  of  which  such  enormous  masses  are  swept  down 
annually  into  the  sea,  the  efl'ects  would  long  ere  this  have  constituted 
one  of  the  most  striking  features  in  the  structure  and  composition 
of  our  continents.  All  the  great  steppes  and  table-lands  of  the  world, 
where  the  action  of  running  water  is  feeble,  would  have  become  the 
grand  repositories  of  organic  matter,  accumulated  without  that  in- 
termixture of  earthy  sediment  which  so  generally  characterizes  the 
subaqueous  strata. 

I  have  already  stated  that,  in  the  known  operation  of  the  igneous 
causes,  a  real  antagonist  power  is  found,  which  may  counterbalance 
the  levelling  action  of  running  water  (  p.  563. ) ;  and  there  seems  no 
good  reason  for  presuming  that  the  upheaving  and  depressing  force  of 
earthquakes,  together  with  the  ejection  of  matter  by  volcanos,  may 
not  be  fully  adequate  to  restore  that  inequality  of  the  surface  which 
rivers  and  the  waves  and  currents  of  the  ocean  annually  tend  to  lessen. 
If  a  counterpoise  be  derived  from  this  source,  the  quantity  and  eleva- 
tion of  land  above  the  sea  may  for  ever  remain  the  same,  in  spite  of  the 
action  of  the  aqueous  causes,  which,  if  thus  counteracted,  may  never 

*  See  Professor  Sedgwick's  AnniyerBarr  Address  to  the  Qeological  Society 
Feb.  1831,  p.  24. 
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be  aLle  to  reduce  tlie  surface  of  ibe  eitrtb  Bior«  actaly  U>  >  nMk  if 
eqnilibritun  than  tbut  nhith  it  hu  noir  attkioed  ;  kekI,  im  ibe  ada 
liand,  the  force  of  the  nqneous  agents  thnaMlreB  ntight  diOi  mmHittt 
&r  ever  unimpaired. 

CoiueTvalive  injiuence  of  vegetation.  —  if,  tben,  regeUUioB  IMBM 
act  as  an  autagooist  power  amid  tlie  niighljr  agent*  of  change  rtkft 
we  always  modyfjing  the  surface  of  tlic  globe,  let  tu  next  tafm 
bow  far  iiB  induence  n  conaervatire, —  hon  far  it  uuj  kI«4  dt 
leTfiUing  effects  of  running  water,  wbirrh  it  caonot  oppoae.  mncb  Imi 
CDun  terbaUnce . 

It  is  well  known  that  a  covering  of  herbage  uiJ  ahrnfaf  wtf 
protect  a  loose  soil  from  being  carried  nway  by  rain,  or  cvm  ky  te 
ordinary  action  of  a  rirer,  and  may  prevent  hills  of  looae  tauA  &«o 
being  blown  away  by  the  wind  ;  for  the  nxM  bind  U^thcr  lk> 
se[ttrale  particles  into  a  firm  mass,  and  the  leaves  inlrrcrpt  ifw  n»- 
water,  so  ihal  it  dries  up  gradually,  instead  of  flowing  off  in  a  ■§■ 
and  wilb  great  velocity.  The  old  Italian  bydm^raphers  aab 
frequent  mention  of  the  increased  degradation  which  ha*  fulbwil 
the  clearing  away  of  natural  woods  in  several  pans  of  luly.  A 
remarkable  example  was  afforded  in  the  Upper  Val  i'  \na,  i« 
Tuacany,  on  the  removal  of  tlie  woods  clothing  tht.'  ste<<p  liediviiM 
of  tlie  hills  by  which  that  vnlley  is  bounded.  When  ihr  ir,r>-) 
forest  laws  were  abolished  by  the  Grand  Duke  Joseph,  dunng  ike 
last  century,  a  considerable  tract  of  surface  in  the  Cassentina  (the 
Clausentinium  of  the  Romans)  was  denuded,  and  immediatelj  tkc 
quantity  of  sand  and  soil  washed  down  into  the  Amo  mcreastd 
enormously,  yrisi,  alluding  to  such  occurrences,  observes,  that  d 
soon  as  the  bushes  and  plants  were  removed,  the  waters  flowed  aS 
more  rapidly,  and,  in  the  manner  of  floods,  swept  away  the  Tegelabic 
soil." 

Ttiis  efiect  of  vegetation  is  of  high  interest  to  the  geologist,  wkea 
he  is  considering  the  formation  of  those  Valleys  which  h«ve  been 
principally  due  to  the  action  of  rivers.  The  spaces  intervening 
between  valleys,  whether  they  be  flat  or  ridgy,  when  covered  with 
vegetation,  may  scarcely  undergo  the  slightest  waste,  as  the  sorike 
may  be  protected  by  the  green  sward  of  gross  ;  and  this  may  b« 
renewed,  in  the  manner  before  described,  from  elements  derived  from 
rain-water  and  the  atmosphere.  Hence,  while  the  river  is  contioasDj 
bearing  down  matter  in  the  alluvial  plain,  and  undenniniog  the  cUfft 
on  each  side  of  every  valley,  the  height  of  the  interrening  riaif 
grounds  may  remain  stationary. 

In  this  manner,  a  cone  of  loose  seoriss,  aand,  and  ashes,  svch  as 
Monte  Nuovo,  may,  when  it  has  once  become  densely  ckilhed  wisk 
herbage  and  shrubs,  Buffer  scarcely  any  farther  dilapidation  ;  and  iht 
perfect  state  of  the  cones  of  hundreds  of  extinct  T<dcanas  in  Fnacc, 
the  Neapolitan  territory,  Sicily,  and  elsewhere,  may  prove  notUi; 
whatever,  either  as  to  their  relative  or  absolute  antiquity.     We  naj 

*  TreatiH  on  Itiven  and  Torrent^  p.  S.    Ganton's 
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be  enabled  to  Infer,  from  the  integrity  of  auch  conical  hills  of  incohe- 
rent mRterials,  tbat  no  flood  can  hare  passed  over  the  countries  where 
thej  are  situated,  since  their  formatioD ;  but  the  atmospheric  action 
alone,  in  spots  where  there  happen  to  be  no  torrents,  and  where  the 
surface  was  clothed  with  regetation,  could  scarcely  in  anj  lapse  of  ages 
have  destrojed  them. 

During  a  tour  in  Spun,  in  183(^  I  was  Barprised  to  see  a  district 
of  gently  undulating  ground  in  Catalonia,  consisting  of  red  and  grejr 
sandstoQCt  and  in  some  parts  of  red  marl,  almost  entirely  denuded  of 
herbage  i  while  the  roots  of  the  pines,  holm  oaks,  and  some  other 
trees,  were  half  exposed,  as  if  the  soil  had  been  washed  away  by  a, 
flood.  Such  is  the  stat«  of  the  forests,  for  example,  between  Oristo 
and  Vich,  and  near  San  Lorenso.  But,  being  overtaken  by  a  violent 
thunder-storm,  in  the  month  of  August  I  saw  the  whole  surface, 
even  the  highest  levels  of  some  flat>topped  hills,  streaming  with  mud, 
while  on  every  declivity  the  devastation  of  torrents  was  terrific  The 
peculiarities  in  the  physiognomy  of  the  district  were  at  once  ex- 
plained ;  and  I  was  taught  that,  in  speculating  on  the  greater  effecta 
which  the  direct  action  of  rain  may  once  have  produced  on  the  surface 
of  certain  parts  of  England,  we  need  not  revert  to  periods  when  the 
heat  of  the  climate  was  tropicai. 

In  the  torrid  zone  the  degradation  of  land  is  generally  more  rapid ; 
but  the  waste  is  by  no  means  proportioned  to  the  superior  quanti^ 
of  rain  or  the  suddenness  of  its  fall,  the  transporting  power  of  water 
being  counteracted  by  a  greater  luxuriance  of  vegetation.  A  geo- 
logist who  is  no  stranger  to  tropical  countries  observes,  that  the 
softer  rocks  would  speedily  be  washed  away  in  such  r^ions,  if  the 
numerous  roots  of  plants  were  not  matted  together  in  such  a  manner 
as  to  produce  considerable  resistance  to  the  destructive  power  of  the 
rains.  The  parasitical  and  creeping  plants  also  entwine  in  every 
possible  direction,  so  as  to  render  the  forests  neariy  impervious,  and 
tbe  trees  possess  forms  and  leaves  best  calculated  to  shoot  off  the 
heavy  rains ;  which,  when  they  have  thus  been  broken  in  their  fall, 
are  quickly  absorbed  by  the  ground  beneath,  or,  when  thrown  into 
the  drainage  depressions,  give  rise  to  furious  torrents.* 


Influence  of  Man  in  modifying  the  Pkyncdl  Geography  of  the 
Globe. 

Before  concluding  this  chapter,  I  shall  offer  a  few  observations  on 
the  influence  of  man  in  modifying  the  physical  geography  of  the 
globe;  for  we  must  class  hia  agency  among  the  powers  of  organio 
nature. 

Felling  of  foreiU. — The  felling  of  forests  has  been  attended,  in 
many  countries,  by  a  diminution  of  rain,  as  in  Barbadoes  and 
Jamaica.!     For  in  tropical  countries,  where  the  quantity  of  aqueous 
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on  their  summits.  The  aerial  current,  now  deprived  of  all  the 
humidity  with  which  it  can  part,  arrives  in  a  state  of  complete 
exsiccation  at  Peru,  where  consequently  no  rain  falls.  But  in  the 
region  of  America,  beyond  the  thirtieth  parallel,  the  Andes  serve  as 
a  screen  to  intercept  the  moisture  brought  by  the  prevailing  winds 
from  the  Pacific  Ocean  :  rains  are  copious  on  their  summits,  and  in 
Chili  on  their  western  declivities;  but  none  falls  on  the  plains  to 
the  eastward^  except  occasionally  when  the  wind  blows  from  the 
Atlantic"  ♦ 

I  have  been  more  particular  in  explaining  these  views,  because 
they  appear  to  place  in  a  true  light  the  dependence  of  vegetation  on 
climate,  the  humidity  being  increased,  and  more  uniforxnly  diffused 
throughout  the  year,  by  the  gradual  spreading  of  wood. 

It  has  been  affirmed,  that  formerly,  when  France  and  England 
were  covered  with  wood,  Europe  was  much  colder  than  at  present ; 
that  the  winters  in  Italy  were  longer,  and  that  the  Seine,  and  many 
other  rivers,  froze  more  regularly  every  winter  than  now.  M. 
Arago,  in  an  essay  on  this  subject,  has  endeavoured  to  show, 
by  tables  of  observations  on  the  congelation  of  the  Rhine,  Danube, 
Khone,  Po,  Seine,  and  other  rivers,  at  different  periods,  that  there  is 
no  reason  to  believe  the  cold  to  have  been  in  general  more  intense  in 
ancient  times,  f  He  admits,  however,  that  the  climate  of  Tuscany 
has  been  so  far  modified,  by  the  removal  of  wood,  as  that  the  winters 
are  less  cold ;  but  the  summers  also,  he  contends,  are  less  hot  than 
of  old ;  and  the  summers,  according  to  him,  were  formerly  hotter  in 
France  than  in  our  own  times.  His  evidence  is  derived  chiefly  from 
documents  showing  that  wine  was  made  three  centuries  ago  in  the 
Vivarais  and  several  other  provinces,  at  an  earlier  season,  at  greater 
elevations,  and  in  higher  latitudes,  than  are  now  found  suitable  to 
the  vine. 

There  seems  little  doubt  that  in  the  United  States  of  North 
America  the  rapid  clearing  of  the  country  has  rendered  the  winters 
less  severe  and  the  summers  less  hot ;  in  other  words,  the  extreme 
temperatures  of  January  and  July  have  been  observed  from  year  to 
year  to  approach  somewhat  nearer  to  each  other.  Whether  in  this 
ease,  or  in  France,  the  mean  temperature  has  been  raised,  seems  by 
no  means  as  yet  decided  ;  but  there  is  no  doubt  that  the  climate  has 
become,  as  Buffon  would  have  said,  '*  less  excessive." 

I  have  before  shown,  when  treating  of  the  excavation  of  new* 
estuaries  in  Holland  by  inroads  of  the  ocean,  as  also  of  the  changes 
on  our  own  coasts,  that  although  the  conversion  of  sea  into  land  by 
artificial  labours  may  be  great,  yet  it  must  always  be  in  subordination 
to  the  power  of  the  tides  and  currents,  or  to  the  great  movements  which 
alter  the  relative  level  of  the  land  and  sea  (Chap.  XX.).  If,  in  addi- 
tion to  the  assistance  obtained  by  parliamentary  grants  for  defending 

*  Maclaren,  art  America,  Encyc.  Bri-    theory,  is  laid  down  in  a  map. 
tannica,  where  the  position  of  the  Ame-       f  Aimiuure   da   Borean  des  Long* 
rican  forests,  in  accordance  with  this    1834. 
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not  follow  that  this  kind  of  innovation  is  unprecedented.  It  is  a 
change  in  the  state  of  vegetation,  and  such  may  often  have  heen  the 
result  of  the  appearance  of  new  species  upon  the  earth.  The  multi- 
plication, for  example,  of  certain  insects  in  parts  of  Germany,  during 
the  last  century,  destroyed  more  trees  than  man,  perhaps,  could  have 
felled  during  an  equal  period. 

It  would  be  rash,  however,  to  affirm  that  the  power  of  man  to 
modify  the  surface  may  not  differ  in  kind  or  degree  from  that  of 
other  living  beings ;  although  the  problem  is  certainly  more  complex 
than  many  who  have  speculated  on  such  topics  have  imagined.  If 
land  be  raised  from  the  sea,  the  greatest  alteration  in  its  physical 
condition,  which  could  ever  arise  from  the  influence  of  organic 
beings,  would  probably  be  produced  by  the  first  immigration  of 
terrestrial  plants,  whereby  the  new  tract  would  become  covered  with 
vegetation.  The  change  next  in  importance  would  seem  to  be  when 
animals  first  enter,  and  modify  the  proportionate  numbers  of  certain 
species  of  plants.  If  there  be  any  anomaly  in  the  intervention  of 
man,  in  farther  varying  the  relative  numbers  in  the  vegetable  king- 
dom, it  may  not  so  much  consist  in  the  kind  or  absolute  quantity  of 
alteration,  as  in  the  circumstance  that  a  single  species^  in  this  case^ 
would  exert,  by  its  superior  power  and  universal  distribution,  an 
influence  equal  to  that  of  hundreds  of  other  terrestrial  animals. 

If  we  inquire  whether  man,  by  bis  direct  power,  or  by  the  changes 
which  he  may  give  rise  to  indirectly,  tends,  upon  the  whole,  to  lessen 
or  increase  the  inequalities  of  the  earth's  surface,  we  shall  incline, 
perhaps,  to  the  opinion  that  he  is  a  levelling  agent.  In  mining 
operations  he  conveys  upwards  a  certain  quantity  of  materials  from 
the  bowels  of  the  earth ;  but,  on  the  other  hand,  much  rock  is  taken 
annually  from  theAand,  in  the  shape  of  ballast,  and  afterwards  thrown 
into  the  sea,  and  by  this  means,  in  spite  of  prohibitory  laws,  many 
harbours,  in  various  parts  of  the  world,  have  been  blocked  up.  We 
rarely  transport  heavy  materials  to  higher  levels,  and  our  pyramids 
and  cities  are  chiefly  constructed  of  stone  brought  down  from  more 
elevated  situations.  By  ploughing  up  thousands  of  square  miles,  and 
exposing  a  surface  for  part  of  the  year  to  the  action  of  the  elements,, 
we  assist  the  abrading  force  of  rain,  and  diminish  the  conservative 
effects  of  vegetation. 


CHAPTER  XLV. 

0,    AKD   TOLCAJOC 

XKvinoa  of  the  mbject — Imbedding  of  organic  remmnti  in  dcpouia  oa  «B^^t! 
liuid  —  Growth  of  pe>t — Site  of  ancient  forosuin  Eiiro]w  lunroeeitM^' 
peat — Bog  iron-oro — Presenalion  of  uiima]  nibslancn  in  peat — Ifinif  rf 
quadrupeds  —  Bursting  nf  the    Solwij   mon  —  Great    DJmuI    Snttp — b 

twdiling  of  organic  bodies  oDtl  human  mnuiu  in  blown  tanil UnrinsHidii 

of  Africoo  deserts — Dc  Luc  on  their  recent  origin — Buried  temple  of  [^mmM  ' 

—  Dried  cart'seses  in  the  sands  — Towns  uvcrwheliDt;d  b;  nad-floodj InAvtflV 

of  organic  and  other  remaias  in  Tolcoiiic  brmntKina  od  the  Luiit. 

DiviMon  of  the  subject. — The  next  subject  of  inquiry  is  the  mdell 
which  the  retnaina  of  animals  and  plants  become  Ibssil,  or  are  hantl 
in  the  earth  bf  natural  causes.  AL  Constant  Prevoet  has  ob«n4 
that  the  effects  of  geological  causes  are  divisible  into  two  great  clajMi| 
those  produced  during  the  submersion  of  land  beneatb  ibe  «mtM^ 
and  those  which  take  place  after  its  emersion.  Agrec«bl]r  to  tUl  i 
classification,  1  shall  consider,  first,  in  what  miuincr  aniinal  ut 
Tegetable  remains  become  included  and  preserved  io  depoiis  oB 
emerged  land,  or  that  part  of  the  surface  which  is  not  ptrmanendf 
covered  by  water,  whether  of  seas  or  lakes ;  secondly,  the  manner  io 
which  organic  remains  become  imbedded  in  subaqueous  deposits. 

Under  the  first  division,  I  shall  treat  of  the  following  topics:  — Itt, 
the  growth  of  peat,  and  the  preservation  of  vegetable  and  aDimil 
remains  therein; — 2d]y,  the  burying  of  organic  remains  in  blown 
eand  ;  —  3dly,  of  the  same  in  the  ejections  and  alliu'iums  of  volctnos; 
— 4thly,  in  alluviums  generally,  and  in  the  ruins  of  Undslipi;— 
5thly,  in  the  mud  and  stalagmite  of  caves  and  fissures. 

Growth  of  Peat,  and  Pretervation  of  Vegetable  and  Animal  Rtmai$* 

The  generation  of  peat,  when  not  completely  under  water,  a 
confined  Io  moist  situations,  where  the  temperature  is  low,  ind 
where  vegetables  may  decompose  without  putrefying.  It  miy  con- 
sist of  any  of  the  numerous  plants  which  arc  capable  of  growing  in 
such  stations ;  but  a  species  of  moss  ( Sphagnum)  constitutes  a  roo- 
eiderable  part  of  the  peat  found  in  marshes  of  the  north  of  Europe; 
this  plant  having  the  property  of  throwing  up  new  shoots  in  it)  upper 
part,  while  its  lower  estreinitics  are  decaying.*  Reeds,  rasbe«,  and 
other  aquatic  plants  may  usually  be  traced  in  peat ;  and  their  organiu- 
tion  is  often  so  entire  that  there  is  no  difficulty  in  discriminating  tbt 
distinct  species. 

Analysis  of  peat. — In  general,  says  Sir  H.  Davy,  one  huodttd 
parts  of  dry  peat  contain  from  sixty  to  ninety-nine  parts  of  miUtr 
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destructible  by  fire;  ftnd  tbe  reaiduum  cODiists  of  earths  nsually  of 
the  same  kiod  aa  the  substrattim  of  clay,  marl,  gravel,  or  rock,  on 
-which  they  are  found,  together  with  oxide  of  iron.  "  The  peat  of 
the  chalk  counties  of  England,"  observes  the  same  writer,  "  contains 
much  gypsum :  but  I  have  found  very  little  in  any  spedmens  from 
Jrelaod  or  Scotland,  and  in  general  these  peats  contain  very  little 
saline  matter."*  From  the  researches  of  Dr.  MacCulloch,  it  appears 
that  peat  is  intennediate  between  simple  vegetable  matter  and  lignite 
the  conversion  of  peat  to  lignite  being  gradual,  and  being  brought 
about  by  a  prolonged  action  of  water,  f 

Peat  abundant  in  cold  and  humid  climatet. — Feat  is  sometimes 
formed  on  a  declivity  in  mountainous  regions,  irhere  there  is  much 
moisture ;  but  in  such  situations  it  rarely,  if  ever,  exceeds  four  feet 
in  thickness.  In  bogs,  and  in  low  grounds  into  which  alluvial  peat 
is  drifted,  it  is  found  forty  feet  thick,  and  upwards;  but  in  such  cases 
it  generally  owes  one  half  of  its  volume  to  the  water  which  it  contains. 
It  has  seldom,  if  ever,  been  discovered  within  the  tropics ;  and  it 
rarely  occurs  in  the  valleys,  even  in  the  south  of  France  and  Spain. 
It  abounds  more  and  more,  in  proportion  as  we  advance  farther  from 
the  equator,  and  becomes  not  only  more  frequent  but  more  inflammable 
in  northern  latitudes.  { 

The  same  phenomenon  is  repeated  in  tbe  southern  hemisphere.  No 
peat  is  found  in  Brazil,  nor  even  in  the  swampy  parts  of  the  country 
drained  by  the  La  Plata  on  the  east  side  of  South  America,  or  in  the 
island  of  Chiloe  on  the  west ;  yet  when  we  reach  the  45th  degree  of 
latitude  and  examine  the  Chonos  Archipelago  or  the  Falkland  Islands, 
and  Tierra  del  Fuego,  we  meet  with  an  abundant  growth  of  this  sub- 
stance. Almost  all  plants  contribute  here  by  their  decay  to  the  pro- 
duction of  peat,  even  the  grasses ;  but  it  is  a  singular  fact,  says  Mr. 
Darwin,  as  contrasted  with  what  occurs  in  Europe,  that  no  kind  of 
moss  enters  into  the  composition  of  the  South  American  peat,  which 
is  formed  by  many  plants,  but  chiefly  by  that  called  by  Brown 
Ailetia  pumUa.^ 

I  learn  from  Dr.  Forchhammer  (1849)  that  water  charged  with 
Tcgetable  matter  in  solution  does  not  throw  down  a  deposit  of  peat  in 
countries  where  the  mean  temperature  of  the  year  is  above  43°  or  44° 
Fahrenheit.  Frost  causes  the  precipitation  of  such  peaty  matter,  but 
in  warm  climates  the  attraction  of  the  carbon  for  the  oxygen  of  the  air 
mechanically  mixed  with  the  water  increases  with  the  increasing  tem- 
perature, and  the  dissolved  vegetable  matter  or  humic  acid  (which  is 
organic  matter  in  a  progressive  state  of  decomposition)  being  con- 
verted into  carbonic  acid,  rises  and  b  absorbed  into  the  atmosphere, 
and  thus  disappears. 

Extent  of  sitTface  covered  by  peai. — There  is  a  vast  extent  of  sur- 
face in  Europe  covered  with  peat,  which,  in  Ireland,  is  said  to  extend 
over  a  tenth  of  the  whole  island.     One  of  the  mosses  on  the  Shannon 

•  Irish  Bog  Report!,  p.  509. 
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f  Bvv.  Dr.  BeuDiB  on  Feat,  p.  ISO. 
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is  deacribed  as  being  fifty  miles  long,  by  two  or  three  broad  f| 
the  great  marsh  of  Montoire,  ne&r  the  looutli  of  the  Loire,  it  i 
tioned,  by  Blavier,  as  being  more  than  fifty  lesgaes  ia  c' 
It  ia  a  curious  itud  well  Hsccrtaintid  fuel,  that  many  of  t 
of  the  north  of  Europe  occupy  the  place  of  foresta  of  | 
which  have,  many  of  tbem,  disappeared  wilhin  the  I 
Such  changes  are  brought  about  by  the  fall  of  trees  and  the  aHp 
tion  of  water,  caused  by  their  trunks  and  branches  otMtrarlingl 
fre«  drainage  of  the  atmospheric  waters,  and  giving  rise 
In  a  warm  climate,  auch  decayed  timber  would  immediately  I 
moved  by  insects,  or  by  putrefaction  ;  but,  in  the  cold  traip« 
now  prevailing  in  our  latitudes,  many  examples 
marshes  originating  in  tliis  source.  Thus,  in  Mar  fureM,  In  i 
deenshire,  large  trunks  of  Scotch  fir,  which  hnd  (bMcd  from  t_ 
decay,  were  soon  immured  in  peat,  formed  partly  out  of  their  p 
ing  leaves  and  branches,  and  in  port  from  the  growth  of  ollter  pi 
Vi'e  abo  learn,  that  the  overthrow  of  a  forest  by  ft  itorBi,  aboot  I 
middle  of  the  seventeenth  century,  gave  rise  to  a  pemt-nott  M 
Lochbroom,  in  Ross-shire,  where,  in  lesa  than  half  a  centarj  ifl 
the  fait  of  the  trees,  the  inhabitants  dug  peat.*  Dr.  Walker  micaMi 
a  similar  change,  when,  in  the  year  17^6,  the  whote  wood  of  DrtI 
lanrig  in  Dumfries-shire  was  overset  by  the  wind.  Such  et« 
eipiain  the  occurrence,  both  in  Britain  and  on  the  Contineni, 
mosses  where  the  trees  ore  all  broken  within  two  or  three  f<!ei 
the  original  surface,  and  where  their  trunks  all  lie  in  the  mi 
direction,  f 

It  may  however  be  suggested  in  these  cases,  that  the  soil  hi 
become  exhausted  for  trees,  and  that,  on  the  principle  of  that  oalni 
rotation  which  prevails  in  the  vegetable  world,  one  set  of  plantt  di 
out  and  another  succeeded.  It  is  certainly  a  remarkable  fact  thai 
the  Danish  islands,  and  in  Jutland  and  HoUtcin,  fir  wood  of  ruia 
species,  especially  Scotch  fir,  is  found  at  the  bottom  of  the  pM 
mosses,  although  it  is  well  ascertained  that  for  the  lust  fin  osaiwi 
no  Conifenc  have  grown  wild  in  these  countries ;  the  coaiferoM  m 
which  now  flourish  there  having  been  all  planted  towards  tbedoH' 
the  last  century. 

Nothing  is  more  common  than  the  occurrence  of  buried  trMii 
the  bottom  of  the  Irish  peat-mo?aes,  as  also  in  moat  of  iImm  < 
England,  France,  and  Holland ;  and  they  have  been  m  often  obttn* 
with  parts  of  their  trunks  standing  erect,  and  with  their  imU  in 
to  the  subsoil,  that  no  doubt  can  be  entertained  of  tbeir  lama 
generally  grown  on  the  spot.  They  consist,  for  the  most  part,  vfll 
fir,  the  oak,  and  the  birch :  where  the  subsoil  is  clay,  the  renutu  ■ 
oak  are  the  most  abundant ;  where  sand  is  the  sabatralum,  Gr  ft 
vails.  In  the  marsh  of  Curragh,  in  the  Isle  of  Man.  vast  trrts  ■ 
discovered  standing  firm  on  their  roots,  though  at  the  depth  of  fifi 
teen  or  twenty  feet  below  the  surface.  Some  naturalists  have  dnin 
to  refer  the  imbedding  of  timber  in  peat-mossea  to  aqueous  traiufM 
*  Itconic'i  £ua;i  oa  FimI,  p.  C5.  f  Ibid  p.  3a 
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ation,  since  rirert  are  well  knoum  to  float  wood  into  lakes ;  bnt  tha 
facts  above  mentioned  show  that,  in  nnmerous  ioBtances,  such  an 
hypothesis  is  inadmissible.  It  has,  moreover,  been  observed,  that  in 
Scotland,  as  also  in  man;  parts  of  the  Continent,  the  largest  trees 
are  found  in  those  peat-mosses  which  lie  in  the  least  elevated  regions, 
and  that  the  trees  are  proportionally  smaller  in  those  which  lie  at 
higher  levels;  from  which  fact  De  Luc  and  Walker  have  both  inferred 
that  tlie  trees  grew  on  the  spot,  for  they  would  natmrallj'  attain  s 
greater  size  in  lower  and  warmer  levels.  The  leaves,  also,  and  frnits 
of  each  species,  are  continually  found  immersed  in  the  moss  along 
with  the  parent  trees  i  as,  for  example,  the  leaves  and  acorns  of  the 
oak,  the  cones  and  leaves  of  the  fir,  and  the  nuts  of  the  hazel. 

Recent  origin  of  tome  peal-mosies,  • —  In  Hatfield  moss,  in  York* 
shire,  which  appears  clearly  to  have  been  a  forest  eighteen  hundred 
years  ago,  fir>trees  have  been  found  ninety  feet  long,  and  sold  for 
masts  and  keels  of  ships;'  oaks  have  also  been  discovered  there  above 
one  hundred  feet  long.  The  dimensions  of  an  oak  from  this  moss  are 
given  in  the  Philosophical  Transactions,  No.  275.,  which  must  have 
been  larger  than  any  tree  now  existing  in  the  British  dominions. 

In  the  same  moss  of  Hatfield,  as  well  as  in  that  of  Kincardine,  in 
Scotland,  and  several  others,  Roman  roads  have  been  found  covered 
to  the  depth  of  eight  feet  by  peat  All  the  coins,  axes,  arms,  and 
other  utensils  found  in  British  and  French  mosses,  are  also  Roman; 
so  that  a  considerable  portion  of  the  peat  in  Enropean  peat-bogs  is 
evidently  not  more  anrient  than  the  age  of  Julius  Ciesar.  Nor  can 
any  vestiges  of  the  ancient  forests  described  by  that  general,  along 
the  line  of  the  great  Roman  way  in  Britain,  be  discovered,  except  io 
the  ruined  tmnks  of  trees  in  peaL 

De  Luc  ascertained  that  the  very  site  of  the  aboriginal  forests  of 
Hercinia,  Scmano,  Ardennes,  and  several  others,  are  now  occupied 
by  mosses  and  fens ;  and  a  great  part  of  these  changes  have  with 
much  probability,  been  attributed  to  the  strict  orders  given  by 
Sevems,  and  other  emperors,  to  destroy  all  the  wood  in  the  conquered 
provinces.  Several  of  the  British  forests,  however,  which  are  now 
mosses,  were  cut  at  different  periods,  by  order  of  the  English  parlia- 
ment, because  they  harboured  wolves  or  outlaws.  Thus  the  Welsh 
woods  were  cut  and  burnt,  in  the  reign  of  Edward  I. ;  as  were  many 
of  those  in  Ireland,  by  Henry  II.,  to  prevent  the  natives  from  har- 
bouring in  them,  and  harassing  bis  troops. 

It  is  curious  to  reflect  that  considerable  tracts  have,  by  these 
accidents,  been  permanently  sterili zed,  and  that,  during  a  period  when 
civilization  has  been  making  great  progress,  large  areas  in  Europe 
have,  by  human  agency,  been  rendered  leas  capable  of  administering 
to  the  wants  of  man.  Ronnie  observes*,  with  truth,  that  in  those 
regions  alone  which  the  Roman  eagle  never  reached  —  in  the  remote 
circles  of  the  German  empire,  in  Poland  and  Prusua,  and  still  more 
in  Norway,  Sweden,  and  the  vast  empire  of  Russia  —  can  we  see 
what  Europe  was  before  it  yielded  to  the  power  of  Rome.  Desola- 
■  Essaf  s  on  Feat,  &c. ,  p.  7i. 
3a. 
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tion  now  rei^'ns  ivtiere  Btaioly  forcsta  of  pine  and  oak  o 
eucli  MM  might  now  have  supplioU  all  the  iiavi«a  of  Europa  m 

Sourrri  of  boff  iron-ore.^ At  the  bottom  of  pcot-tDM 
somoiitnca  found  it  cake,  or  "imn,"  a*  it  it  tcrmcil,  of  o 
and  the  freiiuency  of  bog  iron-oro  is  ftmiliiir  to  tba  miD4 
The  oak.  wliicli  is  so  often  Jjed  black  in  poat,  owtt  iu  coloq 
etune  lUBlal.  From  wbnt  euurce  the  iron  it  dcrivad  has  olbea 
lutyect  of  discussion,  until  the  discoveriec  of  EbrvnlMtrg 
lea^tli  to  Iiave  removed  the  difficulty.  lie  had  ol>wer*«J 
martht's  about  Berlin,  a  substance  of  a  deep  ocliro  jraUmr 
into  red,  which  covered  tlio  bottom  of  tbe  dilciiei,  and  wkid 
it  hnd  become  dry  after  the  evaporation  of  lli<!  water,  -m 
^.    ^^^  exactly  like  oxide  of  iron.     Rut  undw 

\,„  croscope  it  wu   fouitd    tn   ooneisc   ofl 

"^^^  i|-  articulated  thread*  or  platen,  partly  kSub^ 
.^.jjp-^^i-  piirtly  fi!rruginou«,  of  what  be  eoMill 
aniinalc'.utr,  Gaiilonttta  frrrughtea,  bM 
c;*H,.«f«flA,™ji«™,  '"t«t  naluntH«l«  now  regard  b«  a  plant.*  ■_ 
a.  wui)iiiu«.  lUMuiiicj.  jg,(  \^  ij„ip  d(rtibt,  th(!refort%  tliU  b^^ 
consists  of  an  aggregate  of  millions  of  tbwu  organic  bodiea  is^ 
the  Iiaked  cycf 

Prtsfn-alion  of  animal  substances  in  peal. — Oo'^  i»ta 
eircumslauce  attending  tbe  history  of  peat-mosset  is  the  ktg 
of  preservation  of  animal  Eubntances  buried  in  then  for  per 
many  years.  In  June,  1747,  tbe  body  of  a  woman  was  fov 
feet  deep,  in  a  peAt-moor  in  the  I^le  of  Axholm,  in  Linool 
The  antique  sandals  on  her  feet  afforded  evidence  of  ber  bavin 
buried  there  for  many  nges:  yet  her  nails,  hair,  and  aki 
described  as  having  shown  hardly  any  marks  «f  decay.  C 
eat  ite  of  the  Earl  of  Moira,  in  Ireland,  a  human  body  wu  d 
a  loot  deep  in  gravel,  covered  with  eleven  feel  of  moss  ;  tiie  bed 
completely  elcthe<l  and  tlie  garments  seemed  all  to  be  made  ol 
Before  the  use  of  wool  was  knoicn  in  that  country  the  dothii^ 
inhabitants  wai  made  of  hair,  ao  that  it  would  appear  that  libil 
had  been  buried  at  that  early  period ;  yet  it  was  freab  aiul  imjnpa 
In  the  Philosophic  til  Transactions  we  lind  an  example  rceorded 
bodies  oftwo  persons  having  been  buried  in  moist  (Mat,  u  Uert] 
in  1(374,  aliout  a  yard  deep,  which  were  examined  tpreuj-clitht 
and  nine  months  afterwards  ;  "  the  colour  of  their  ^b  waa  fa 
natural,  their  flesh  soft  aa  that  of  persons  newly  de«d."§ 

Among  other  analogous  facta  we  may  mention,  that  in  ii|| 
pit  for  a  well  near  Dulverton,  in  Somersetshire,  many  pip 
found  in  various  postnres,  still  entire.  Their  shape  wa*  wid 
■erved,  the  ekin,  which  retained  the  kair,  having  assumed  a  dry, 
branous  appearance.  Their  whole  subelonoe  was  cosirertad  i 
white,  friable,  laminated,   inodorous,   and  lastelcaa  mhaHaei 

•  S™  ulwYi:.  p.  388.  nolC.  %  l>r.  ItciinWvon  IVal,  p,lll.| 

t  EhrciibFri:,  Tnvlor')  Scientific  Ucm.     tcviml  mltcr  iiiMaiice*  an  tiiMn 

vul,  i.  ]uin  ilL  p.  i>S-i.  %  Phil.  IWtik.  ToL  azxnil  IS 
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which,  when  exposed  to  heat,  emitted  an  odour  preoisely  umikr  to 
broiled  bacon.* 

Cause  of  the  antiieptie  property  of  peat.— We  natoFally  ask 
whenoc  peat  derives  this  antiseptio  property?  It  has  been  attributed 
by  some  to  the  carbonic  and  gallic  odds  which  issue  from  decayed 
wood,  as  also  to  the  pretence  of  charred  wood  in  the  lowest  strata  of 
many  peat-mosses,  for  charcoal  is  a  powerful  antiseptic,  and  capable 
of  purifying  water  already  putrid.  Vegetable  gums  and  resins  also 
may  operate  in  the  same  way.! 

The  tannin  occasionally  present  in  peat  is  the  produce,  says  Dr. 
MacCullcwb,  of  tormentilla,  and  some  other  plants ;  but  the  quantity 
be  thinks  too  small,  and  its  occurrence  too  casual,  to  give  rise  to 
effects  of  any  importance.  Ho  hints  that  the  soft  parts  of  animal 
bodies,  preserved  in  peat-bogs,  may  hare  been  converted  into  adi- 
pocire  by  the  action  of  water  merely  ;  an  explanation  which  appears 
clearly  applicable  to  some  of  the  cases  above  enumerated.  % 

Miring  of  quadrupeds. —  The  manner,  however,  in  which  peat 
contributes  to  preserve,  for  indefinite  periods,  the  harder  parts  of 
terrestrial  animals,  is  a  subject  of  more  immediate  interest  to  the 
geologist.  There  are  two  ways  in  which  animals  become  occasionally 
buried  in  the  peat  of  marshy  grounds ;  they  either  sink  down  into 
the  semifluid  mud,  underlying  a  turfy  surface  upon  which  they  have 
rashly  ventured,  or,  at  other  times,  as  we  shall  see  in  the  sequel,  a 
bog  "bursts,"  and  animals  may  be  involved  in  the  peaty  alluvium. 

In  the  extensive  bogs  of  Newfoundland,  cattle  are  sometimes  found 
buried  with  only  their  heads  and  necks  above  ground ;  and  afier 
having  remained  for  days  in  this  situation,  they  have  been  drawn 
out  by  ropes  and  saved.  In  Scotland,  also,  cattle  venturing  on  the 
"quaking  moss"are  often  mired,  or  "laired,"  as  it  is  termed;  and 
in  Ireland,  Mr.  King  asserts  that  the  number  of  cattle  which  arc  lost 
in  sloughs  is  quite  incredible.  § 

Solieay  moH. — The  description  given  of  the  Solway  moes  will 
serve  to  illustrate  the  general  chancter  of  these  boggy  grounds. 
That  moss,  observes  Gilpin,  is  a  flat  area,  about  seven  miles  in 
circumference,  situated  on  the  western  confines  of  Kngland  and 
Scotland.  Its  surface  is  covered  with  grass  and  rushes,  presenting  a 
dry  crust  and  a  fair  appearance;  but  it  shakes  under  the  least 
pressure,  the  bottom  being  unsound  and  semifluid.  The  adven- 
turous passenger,  therefore,  who  sometimes  in  dry  seasons  traverses 
this  perilous  waste,  to  save  a  few  miles,  picks  his  cautious  way 
over  the  rushy  tussocks  as  they  appear  before  him,  for  here  the  < 
Boil  is  firmest.  If  bis  foot  alip,  or  if  he  venture  to  desert  this  mark 
of  security,  it  is  possible  he  may  never  more  be  heard  of. 

"At  the  battle  of  Solway,  in  the  time  of  Henry  VIII.  (1542), 

when  the  Scotch  army,  commanded  by  Oliver  Sinclair,  was  routed, 

an  unfortunate  troop  of  horse,  driven  by  their  fears,  plunged  into 

this  morass,  which  instantly  closed  upon  tfaem.     The  tale  was  trodi- 

•  Pr.  Rennic,  ou  Peat,  &c,  p.  G21. 
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tioual,  but  it  is  now  authenticated ;  B  ma 
armour,  having  been  found  by  peat-diggeri 
always  supposed  the  aflair  hnd  happeocd- 
well  preserved,  and  the  different  porta  of 
gui  ailed."  ■ 

The  same  moss,  on  tl>e  IGth  of  Deoj 
filled  like  a  great  sponge  with  water  duHl 
nn  unusual  tieight  above  the  surrounding 
The  turfy  covering  seemed  for  a  time  t 
bladder  retaining  the  fluid  within,  till  it  I 
when  a  stream  of  black  half-conEolidoM 
creep  over  the  plain,  resembling  in  tb 
ordinary  lava-current.  No  lives  were  k 
overwhelmed  some  cottages,  and  covered 
parta  of  the  ori;^inal  moss  subsided  to  th«j 
feet ;  and  the  height  of  the  moss,  on  ths  f^ 
which  it  invaded,  was  at  least  fifteen  feeU 

JiuTSling  of  a  peat-mou  in  Ireland.  ^ 
Sligo  (January,  1831),  affords  another  Q^ 
After  a  sudden  thaw  of  bdow,  the  bc^  betl^ 
gave  way;  and  a  black  deluge,  carrying' 
hundred  acres  of  bog,  took  the  directioi 
rolled  on  with  the  violence  of  a  torren 
timber,  mud,  and  stones,  and  overwhelr 
arable  land.  On  passing  through  some  b 
out  a  wide  and  deep  ravine,  and  part 
Bloomliuld  to  St.  James's  Well  was  comp 
below  the  foundation  for  the  breadth  of  20 

Great  Dismal  Swamp. — 1  have  describ 
America  t,  aa  extensive  swamp  or  mora 
north  to  south,  and  twenty-five  wide,  beti 
in  Virginia,  and  Weldon  in  North  Carolin 
Dismal,"  and  has  somewhat  the  appearance 
covered  with  aquatic  trees  and  shrubs,  the 
of  a  peat  bog.  It  is  higher  on  all  sides  exc 
ing  country,  towards  which  it  sends  fort] 
nortli,  eosl,  and  south,  receiving  a  auppl 
its  centre  it  rises  12  feet  above  the  flat  rej 
soil,  to  the  depth  of  lo  feet,  is  formed  of  ve 
admixture  of  earthy  particles,  and  oflTers 
rule  before  alluded  to,  namely,  that  such  p< 
ever  occur  so  far  south  as  laU  36°,  or  in  an 
neat  is  so  great  as  in  Virginia.  In  di 
morass  for  the  purpose  of  obtaining  ttmb> 
bus  been  thrown  out  from  time  to  time,  a: 
air,  in  which  ease  it  soon  rots  away  bo  thi 
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shoving  clearly  tbat  it  owes  its  preserration  to  tbe  shade  afforded  hj 
o  a  luxuriant  vegetation  and  to  the  constant  evaporation  of  the  spongy 
soil  by  which  the  air  is  cooled  during  the  hot  months.  The  surface 
of  the  bog  is  carpeted  with  mosses,  and  densely  covered  with  ferns 
and  reeds,  above  which  many  evergreen  shrubs  and  trees  flourish, 
especially  the  White  Cedar  {Cupreisus  thyoidei),  which  stands  firmly 
supported  by  ils  long  tap  roots  in  the  softest  parts  of  the  quagmire. 
Over  the  whole  the  deciduous  Cypress  (  Taxodium  dUtickum)  is  seen 
to  tower  with  its  spreading  top,  in  full  leaf  in  the  season  when  the 
sun's  rays  are  hottest,  and  when,  if  not  intercepted  by  a  skreen  of 
foliage,  they  might  soon  cause  the  fallen  leaves  and  dead  plants  of  the 
preceding  autumn  to  decompose,  instead  of  adding  their  contributions 
to  the  peaty  muss.  On  tlie  surface  of  the  wide  morass  lie  innumer- 
able trunks  of  large  and  toll  trees,  while  thousands  of  others,  blown 
down  by  the  winds,  are  buried  at  various  depths  in  the  black  mire 
below.  Thej  remim!  the  geologist  of  the  prostrate  position  of  large 
stems  of  Sig:illaria  and  Lepidodendron,  converted  into  coal  in  ancient 
carboniferous  rocks. 

Bones  of  Aerbwotout  quadrupeds  in  peat.  —  The  antlers  of  large 
and  full-grown  stags  are  amongst  the  most  common  and  conspicuous 
remains  of  animals  in  peat.  They  are  not  horns  which  have  been 
shed  1  for  portions  of  the  skull  are  found  attached,  proving  that  the 
whole  animal  perished.  Bones  of  the  ox,  hog,  horse,  sheep,  and 
other  herbivorous  animals,  also  occur.  M.  Morten  has  discovered 
in  the  peat  of  Flanders  the  bones  of  otters  and  beavers  * ;  but  no 
remuns  have  been  met  with  belonging  to  those  extinct  quadrupeds, 
of  which  the  living  congeners  inhabit  warmer  latitudes,  such  as  the 
elephant,  rhinoceros,  hippopotamus,  hyiena,  and  tiger,  though  these 
are  so  common  in  superficial  deposits  of  silt,  mud,  snnd,  or  stalactite, 
in  various  districts  throughout  Great  Britain.  Their  absence  seems 
to  imply  that  they  had  ceased  to  live  before  the  atmosphere  of  this 
part  of  tlie  world  acquired  that  cold  and  humid  character  which 
favours  the  growth  of  peat. 

Remains  of  ships,  Sfc.  in  peat  mosses.  —  From  the  facts  before 
mentioned,  that  mosses  occasionally  burst,  and  descend  in  a  fluid 
state  to  lower  levels,  it  will  readily  be  seen  that  lakes  and  arms  of 
the  sea  may  occasionally  become  the  receptacles  of  drift  peat  Of 
this,  accordingly,  there  are  numerous  examples ;  and  hence  the 
alternations  of  clay  and  sand  with  different  deposits  of  peat  bo 
frequent  on  some  coasts,  as  on  those  of  the  Baltic  and  German 
Ocean.  We  are  informed  by  Deguer,  that  remains  of  ships,  nautical 
instruments,  and  oars,  have  been  found  in  many  of  the  Dutch 
mosses ;  and  Gerard,  in  his  flistory  of  the  Valley  of  the  Somme, 
mentions  that  in  the  lowest  tier  of  that  moss  was  found  a  boat 
loaded  with  bricks,  proving  that  these  mosses  were  at  one  period 
navigable  lakes  and  arms  of  the  sea,  as  were  also  many  mosses  on 
the  coast  of  Ficardy,  Zealand,  and  Friesland,  from  which  soda  and 
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and  Beechey,  was  so  fine  as  to  resemble  a  fluid  when  put  in  motion. 
Neither  the  features  of  the  colossal  figures,  nor  the  colour  of  the 
stucco  with  which  some  were  covered,  nor  the  paintings  on  the  walls, 
had  received  any  injury  from  being  enveloped  for  ages  in  this  dry 
impalpable  dust.* 

At  some  future  period,  perhaps  when  the  pyramids  shall  have 
perished,  the  action  of  the  sea,  or  an  earthquake,  may  lay  open  to  the 
day  some  of  these  buried  temples.  Or  we  may  suppose  the  desert  to 
remain  undisturbed,  and  changes  in  the  surrounding  sea  and  land  to 
modify  the  climate  and  the  direction  of  the  prevailing  winds,  so  that 
these  may  then  waft  away  the  Libyan  sands  as  gradually  as  they  once 
brought  them  to  those  regions.  Thus,  many  a  town  and  temple  of 
higher  antiquity  than  Thebes  or  Memphis  may  reappear  in  their 
original  antiquity,  and  a  part  of  the  gloom  which  overhangs  the 
history  of  the  earlier  nations  be  dispelled. 

Whole  caravans  are  said  to  have  been  overwhelmed  by  the  Libyan 
sands ;  and  Burckhardt  informs  us  that  "  after  passing  the  Akaba 
near  the  head  of  the  Red  Sea,  the  bones  of  dead  camels  are  the  only 
guides  of  the  pilgrim  through  the  wastes  of  sand." — "We  did  not 
see/'  says  Captain  Lyon,  speaking  of  a  plain  near  the  Soudah  moun- 
tains, in  Northern  Africa,  "  the  least  appearance  of  vegetation ;  but 
observed  many  skeletons  of  animals,  which  had  died  of  fatigue  on 
the  desert,  and  occasionally  the  grave  of  some  human  being.  All 
these  bodies  were  so  dried  by  the  heat  of  the  sun,  that  putrefaction 
appears  not  to  have  taken  place  after  death.  In  recently  expired 
animals  I  could  not  perceive  the  slightest  offensive  smell;  and  in 
those  long  dead,  the  skin  with  the  hair  on  it  remained  unbroken  and 
perfect,  although  ?o  brittle  as  to  break  with  a  slight  blow.  The  sand- 
winds  never  cause  these  carcasses  to  change  their  places ;  for,  in  a 
short  time,  a  slight  mound  is  formed  round  them,  and  they  become 
stationary."  t 

Towns  overwhelmed  by  sand  Jloods. — The  burying  of  several 
towns  and  villages  in  England,  France,  and  Jutland,  by  blown  sand 
is  on  record ;  thus,  for  example,  near  St.  Pol  de  Leon,  in  Brittany,  a 
whole  village  was  completely  buried  beneath  drift  sand,  so  that 
nothing  was  seen  but  the  spire  of  the  church.  J  In  Jutland  marine 
shells  adhering  to  sea-weed  are  sometimes  blown  by  the  violence  of 
the  wind  to  the  height  of  100  feet  and  buried  in  similar  hills  of 
sand. 

In  Suffolk,  in  the  year  16R8,  part  of  Downham  was  overwhelmed 
by  sauds  which  had  broken  loose  about  100  years  before,  from  a 
warren  five  miles  to  the  south-west.  This  sand  had,  in  the  course  of 
a  century,  travelled  five  miles,  and  covered  more  than  1000  acres  of 
land.§  A  considerable  tract  of  cultivated  land  on  the  north  coast  of 
Cornwall  has  been  inundated  by  drift  sand,  forming  hills  several 

*  Strotton,  £(1.  Phil  Journ.,  No.  y.  t  Mem.  do  TAcad.  des  Scl  de  Paris, 

p.  62.  1772.    Seo  also  the  case  of  the  buried 

t  Travels   in    North  Africa   in  the  church  of  Ecdes,  above,  p.  306. 

Tears  1818, 1819,  and  1820,  p.  83.  §  FhiL  Tran^^  vol  ii  p.  723. 
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We  read  of  several  buried  cities  in  Central  India,  and  amoDg  others 
of  Oujein  (or  Oojain)  which  aboDt  fir^  years  before  the  ChriHtian  era 
was  the  seat  of  empire,  of  art,  and  of  learning ;  but  which  in  the  time 
of  the  Rajah  Vicramaditya,  was  overwhelmed,  according  to  tradition, 
together  with  more  than  eighty  other  large  towns  in  the  provinces ' 
of  Malwa  and  Bagur,  "by  a  shower  of  earth,"  The  city  which  now 
bears  the  name  is  situated  a  mile  to  the  southward  of  the  ancient  town. 
On  digging  on  the  spot  where  tiie  latter  is  supposed  to  have  stood,  to 
the  depth  of  fifteen  or  eighteen  feel,  there  are  frequently  discovered, 
says  Mr.  Hunter,  entire  brick  wails,  pillars  of  stone,  and  pieces  of 
wood  of  an  extraordinary  hardness,  besides  utensils  of  various  kinds, 
ancient  coins,  and  occasionally  buried  wheat  in  a  state  resembling 
charcoal.* 

The  soil  which  covers  Ot^ein  is  described  as  "being  of  an  ash-grey 
colour,  wiih  minute  specks  of  black  send."!  And  the  "shower  of 
earth,"  said  to  have  "fallen  from  heaven,"  has  been  attributed  by 
some  travellers  to  volcanic  agency.  There  are  however  no  active  vol- 
caaos  in  central  India,  the  nearest  to  Oujein  being  Denodur  hill  near 
Bbooj,  the  capital  of  Cutch,  300  geograpliical  miles  distant,  if  indeed 
that  bill  has  ever  poured  out  lava  in  hi storicat  times,  which  is  doubted 
by  many.]:  The  latest  writers  on  Oujein  avow  their  suspicion  that 
the  supposed  "  catastrophe "  was  nothing  more  than  the  political 
decline  and  final  abandonment  of  a  great  city  which,  like  N^ineveh  or 
Babylon.and  many  an  ancient  seat  of  empire  in  the  East,  after  losing  its 
importance  as  a  metropolis  became  a  heap  of  ruins.  The  rapidity  with 
which  the  sun-dried  bricks,  of  which  even  the  most  splendid  oriental 
palaces  are  often  constructed,  crumble  down  when  exposed  to  rain 
and  sun,  and  are  converted  into  mounds  of  ordinary  earth  and  clay, 
is  well  known.  According  to  Captain  Dangerfield,  trap  tuff  and 
columnar  basalt  constitute  the  rocks  in  the  environs  of  Oi^ein§,  and 
the  volcanic  nature  of  tliese  formations,  from  which  the  materials  of  the 
bricks  were  originally  derived,  may  have  led  to  the  idea  of  the  city 
having  been  overwhelmed  by  a  volcanic  eruption. 

"  Narralivo  of  Jonmej  from  Agra  to        t  Ste  above,  p.  460, 
Oojcin,  AsiMic  KescarehcB,  vol.vLp.  36.        §  Sir   J.    Ualcolm's   Central  India. 
t  Akiixtic  Juanml,  vol  ix.  p.  3S.  Appendix,  Ko.  2,  p.  3H, 
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BCRYINO   OF   FOBSILS  IN   ALLUVIAL  B 

FnnsUii  in  iUutJutd  —  EffccU  of  sudden  iiiuod 
ubuniUntly  prcoervpd  in  uJlavium  nbero  emthi 

—  liuricd  tbwn  —  KflecU  of  lindilips  —  Ur^ 

—  t'unu  Bud  diuieutione  vf  cat«nis —  Ihcir  pn 
Hilbtfrruuciui  rivcrK  of  lliu  AL'rca — luilavutiin 
Mmcm — numitn  rantoiog  iuilicildcd  in  Murt& 
of  fVance  and  duwhi'iu,  of  liumim  reinaiu*  u 
]irgof  of  fiiTmer  co-cajstcuce  of  (oaa  witli  thiite 

FomHi  in  alluvium.  —  Tim  next  ea^ 
uci-ordlog  to  the  diTision  before  propouj 
bixlios  iu  Alluviuni.  ^ 

TliQ  gruvet,  sand,  ftnd  tnud  in  llie  bq 
i^onUiin  an}'  ;ininml  or  vegetable  remain 
eontinuuUy  sliii'lirj^  its  pluce,  and  the  ntl 
BO  greiit,  tlint  even  tbo  hardest  rocks  ci 
ground  down  to  ponder.  But  nhen  aani 
sivqit  by  n  IlooJ,  and  tben  let  fall  upon 
raay  envelop  trees  or  the  remains  of  auii 
arc  often  permanently  preserved.  In  t 
liy  the  floods  in  Scotland,  in  1829,  the  d 
liarea,  riibbils,  moles,  mice,  partridges,  n 
were  found  partially  buried."  But  in 
ilood  usually  effaces  the  memorials  left  b; 
!L  auQieient  depth  of  undisturbed  transpo 
to  [irescrve  tlie  organic  remains  for  ogea 

Wliere  eartliiiuHkes  prevail,  and  the  lei 
from  time  to  time,  the  remnins  of  aniii 
humed  and  protected  trom  disint^grntion. 
wi[h  alluvial  accumulations  by  tranaien 
upraised;  and,  if  any  organic  remains 
transported  materiab,  they  may,  after 
beyond  the  reiioli  of  the  erosive  power  of 
the  drninagc  is  repeatedly  deranged  b 
every  fissure,  every  hollow  caused  by  tht 
a  ilepoaitory  of  organic  and  inorganic  si 
transient  Hooda, 

Marine  alluvium.  — In  Moy,  1787,  a. 
sea  was  caused  at  Coringa,  Ingeram,  and 
Coromandel,  in  the  East  Indict,  by  a  1 

Sir  T.  D.  Lauder,  Bart.,  on  FlooJt  in  Ml 
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N.E^  wtiioh  rused  the  waten  «>  th&t  thejr  rolled  inland  to  tb« 
distance  of  about  twenty  milei  from  the  shore,  swept  away  many 
Tillages,  drowned  more  than  10,000  people,  and  left  the  country 
covered  with  marine  mud,  on  which  the  carcaasea  of  about  100,000 
head  of  cattle  were  strewed.  An  old  tradition  of  the  oatives  of  ■ 
similar  flood,  said  to  have  happened  about  a  century  before,  was, 
till  this  event,  regarded  as  fabulous  by  the  European  settlers.*  The 
same  coast  of  Coromaadel  was,  so  late  as  May,  1832,  the  scene  of 
another  catastrophe  of  the  same  kind  ;  and  when  the  inundation  sub- 
sided, several  vesaels  were  seen  grounded  in  the  fields  of  the  low 
country  about  Coringo. 

Many  of  the  storms  termed  hurricanes  have  evidently  been  con- 
nected witii  submarine  earthquakes,  as  is  shown  by  the  atmospheric 
phenomena  attendant  on  them,  and  by  the  sounds  heard  in  the  ground 
and  the  odours  emitted.  Such  were  the  circumstances  which  accom- 
panied the  swell  of  the  sea  in  Jamaica,  in  1780,  when  a  great  wave 
desolated  the  western  coast,  and,  bursting  upon  Savanna  la  Har, 
■wept  away  the  whole  town  in  nn  instant,  so  that  not  a  vestige  of  man, 
beast,  or  habitation,  was  seen  upon  the  surface. -f 

Houset  and  workt  of  art  in  alluvial  deposits. — A  very  ancient 
subterranean  town,  apparently  of  Hindoo  origin,  was  discovered  in 
India  in  1633,  in  digging  the  Doab  canal.  Its  site  is  north  of  Saba> 
runpore,  near  the  town  of  Behat,  and  seventeen  feet  below  the  present 
surface  of  the  country.  More  than  170  coins  of  silver  and  copper 
have  already  been  found,  and  many  articles  in  metal  and  earthenware. 
The  overlying  deposit  consisted  of  about  five  feet  of  river  sand,  with 
a  substratum,  about  twelve  feet  thick,  of  red  alluvial  clay.  In  the 
neighbourhood  are  several  rivers  and  torrents,  which  descend  from 
the  mountains  charged  with  vast  quantities  of  mud,  sand,  and  shingle ; 
and  within  the  memory  of  persons  now  living  the  modem  Behat  hag 
been  threatened  by  an  inundation,  which,  after  retreating,  left  the 
neighbouring  country  strewed  over  with  a  superficial  covering  of 
sand  several  feet  thick.  In  sinking  wells  in  the  environs,  masses  of 
sbingte  and  boulders  have  been  reached  resembling  those  now  in 
the  river-chanuels  of  the  same  district,  under  a  deposit  of  thirty 
feet  of  reddish  loam.  Captain  Cautley,  therefore,  who  directed  the 
excavations,  supposes  that  the  matter  discharged  by  torrents  has 
gradually  raised  the  whole  country  skirting  the  base  of  the  lower  hills ; 
and  that  the  ancient  town,  having  been  originally  built  in  a  hollow, 
was  submerged  by  floods,  and  covered  over  with  sediment  seventeen 
feet  in  thickness.  { 

We  are  informed,  by  M.  Boblaye,  that  in  the  3Iorea,  the  formation 
termed  ccramique,  consisting  of  pottery,  tiles,  and  bricks,  inter- 
mixed with  various  works  of  art,  enters  so  largely  into  the  alluvium 
and  vegetable  soil  upon  the  pluos  of  Greece,  and  into  hard  and 
crystalline  breccias  which  have  been  formed  at  the  foot  of  declivities, 

■  Sodaley'B  Aon.  Begiit.,  ITSe.  -    t  Jonm.  of  Aiiot.  5oc.,  Noa.xxr,  uu) 

t  Edyratda,    UisL    of   Wert    ladieJ,    xziz.,  1831, 
voL  L  {b  339.  ed.  ISOI. 
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conceive  that  the;  ean  owe  their  origin  to  the  mere  fnctaring  tod 
diaplncement  of  solid  masaes. 

In  the  limestone  of  Kentuckj,  in  the  basin  of  Green  Bi?er,  one  of 
the  tributaries  of  the  Ohio,  ft  line  of  undei^jjonnd  cavitiee  hu  been 
traced  in  one  direction  for  a  distance  of  ten  miles,  widiont  any 
termmation ;  and  one  of  the  chambers,  of  which  there  are^inoy,  all 
connected  bj  narron  tunnela,  is  no  less  than  ten  acres  in  area,  and 
150  feet  in  its  greatest  height.  Besides  the  principal  aeries  of 
"antres  vast,"  there  are  a  great  many  lateral  embranchmeats  not  yet 
explored." 

The  cavernous  structure  here  alluded  to,  is  not  altogether  confined 

to  calcareous  rocks  ;  for  it  has  lately  been  obaerred  in  micaceous  and 

argillaceous  schist  in  the  Grecian  island  of  Themua  (Cythnos  of 

the  ancients),  one  of  the  Cjclades.     Here  also  spacious  halls,  with 

rounded  and  irregular  walls,    ore  connected  together   by  narrow 

passages  or  tunnels,  and  there  are  many  lateral  branches  which  have 

no  outlet    A  current  of  water  has  evidently  at  some  period  flowed 

through  the  whole,  and  left  a  muddy  deposit  of  bluish  clay  upon 

the  floor ;  but  the  erosive  action  of  the  stream  cannot  be  supposed  to 

have  given  rise  to  the  excavations  in  the  first  instance.     M.Virlet 

suggests  that   fissures   were  first  caused  by  earthquakes,  and  that 

these  fissures  became  the  chimneys  or  vents  for  the  disengagement 

,     of  gas,  generated  below  by  volcanic  beat.    Gases,  he  observes,  such 

,     aa  the  muriatic,  sulphuric,  fluoric,  and  others,  might,  if  rused  to  a 

,     high  temperature,  alter  and  decompose  the  rocks  which  they  traverse. 

f     There  are  signs  of  the  former  action  of  such  vapours  in  rents  of  the 

g     micaceous  schist  of  Thermia,  and  thermal  spfinga  now  issue  from  the 

^    grottos  of  that  island.    We  may  suppose  that  afterwards  the  elements 

^    of  the  decomposed  rocks  were  gradually  removed  in  a  state  of  solndon 

^    by  mineral  waters ;  a  theory  which,  according  to  M.  Virlet,  is  oon- 

^    Armed  by  the  effect  of  heated  gases  which  escape  from  rents  In  the 

^   isthmns  of  Corinth,  and  which  have  greatly  altered  and  corroded  the 

.    bard  uliceous  and  jaspideous  rocks.t 

''        When  we  reflect  on  the  quantity  of  carbonate  of  lime  annually 

poured  out  by  mineral  waters,  we  are  prepared  to  admit  that  large 

*'    eavities  must,  in  the  conrse  of  ages,  be  formed  at  coosiderable  depths 

^t  below  the  surface  in  calcareous  rocks,  t    These  rocks,  it  wilt  be 

^1  remembered,  are  at  once  more  soluble,  more  permeable,  and  more 

f  fragile,  than  any  others,  at  least  all  the  compact  varieties  are  very 

^  easily  broken  by  the  movements  of  earthquakes,  which  would  produce 

p^>  only  flexures  in  argillaceous  strata.    Fissures  ooce  formed  in  lime- 

^  stone  are  not  liable,  as  in  many  other  formations,  to  become  closed 

0  up  by  impervious  clayey  matter,  and  hence  a  stream  of  acidulous 

^  water  might  for  ages  obtain  a  free  and  unobstructed  passage.^ 

^       Morea. — Nothing  is  more  common  in  limestone  districts  than  the 

^        •  Nahom  Ward,  Trail,  of  Antiq.  Soc  |  S«o  above,  p,  240. 

^   of    UasMchiueHB.      Holmea'a    United  §  Sec  remarki  b/  M.  BobUye,  Ann. 

SUtOB,  p.  43B.  dee  Mines,  3me  lerie,  lorn.  iv. 
rij        t  BuU-  ^^  ^  Soc.  GeoL  de  Franca, 
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eDguLfment  of  rivere,  wliicli  afier  holdtug:  a  eubtemnefl 
iDiiuy  miles  uscape  agniu  by  some  new  outlet.  As  tb^ 
eliarged  nilli  6ne  Bediment,  and  oft«a  whh  Band  an«i  p« 
Ibtiy  unter,  whereas  tliey  are  usnally  pure  and  limpid  wbf 
out  again,  they  must  deposit  mucli  mmtcr  in  empty  w[ 
tntei-ior  of  the  eart)i.  In  addition  to  the  materiala  tbu 
■talagmite,  or  carbonate  of  lime,  drops  from  the  roofe  of  1 
in  this  mixture  the  bonce  of  aoiniaU  washed  in  by  rlr 
eotombtid.  In  this  manner  we  may  account  for  thoM  h 
which  we  often  find  in  caves,  eome  of  which  are  of  hij 
while  others  are  very  recent  and  in  daily  progren.  | 
Are  engulfed  alreams  more  conspicuous  than  in  ih«  U 
ihe  phenomena  attending  them  have  been  lat«ly  studied  a 
in  great  detail  by  M.  Boblaye  and  his  fellow-labourera  of 
vxpedition  to  Greece.*  Their  account  is  peculiarly  {■ 
geologists,  because  it  throws  light  on  the  red  os^seoos  | 
toining  the  bones  of  extinct  quadrupeds  which  are  sO' 
almost  all  the  countries  bordering  the  Mediterraoenn.  It 
the  numerous  ctvenia  of  tho  Moron  occur  in  a  compMct  1 
the  age  of  the  English  chalk,  immediately  b«low  whicb  «p 
Htratii  roferred  to  the  period  of  oar  gveensand.  In  the  n 
districts  of  tliat  peninsula  thero  are  many  deep  lanii-Iocke 
basins,  closed  round  on  all  sides  by  mountains  of  fis^nr^ 
nous  limestone.  Tlie  year  is  divided  almost  as  distiiicth 
the  tropics  into  a  rainy  season,  which  lasts  upwHrds  of  1 
and  a  season  of  drought  of  nearly  eight  tnonths'  dural 
the  torrents  are  swollen  by  the  rains,  they  rush  from 
heighlH  into  the  inclosed  basins;  but,  instead  of  ^ivinc;  i 
as  would  be  tho  case  in  most  other  countries,  they  arw  1 
gulfs  or  chasms,  called  by  the  Greeks  "Katavothra." 
correspond  to  what  are  termed  "swallow-holea"  in  IJ 
England,  llie  water  of  these  torrents  is  ohar]ge'l  with 
red  ochreous  earth,  resembiing  precisely  tho  well-knowi 
the  osseous  breccias  of  the  RleditermneAn.  It  dissolves  i 
effervescence,  and  leaves  a  residue  of  hydrnted  nxide  of  ir 
iron,  impaipftbie  prains  of  silex,  and  small  crystals  of  q 
of  the  same  deacriptiou  abounds  every  where  on  the  sui 
decomposing  limestone  in  Greece,  that  rock  coptaioing 
siliceous  and  fen'uginous  matter. 

Many  of  the  Kalavothra  being  insufficient  to  giTo  p* 
the  water  in  the  rainy  season,  a  temporary  lake  is  furmec 
mouth  of  the  chnsm,  whicli  then  becomes  still  farthor  ol 
pebbles,  sand,  and  red  mud,  thrown  down  from  the  tuc 
The  lake  being  thus  raised,  its  waters  generally  ceoap«  thi 
openings,  at  higher  levels,  around  the  borders  of  tho  p] 
tuting  the  bottom  of  the  closed  basin. 

Jn  some  places,  as  at  Kavaros  and  Tripolitxa,  where  U 

"  Aim.  Jm Mints,  Smi^  «<'rii\  loiu.  it..  isn3. 
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discharge  is  hy  &  gulf  in  the  middle  of  the  plain,  nothing  can  bo 
seen  over  the  opening  in  ftummer,  when  the  lake  dries  up,  but  a. 
deposit  of  red  mud,  cracked  in  all  directiooa.  But  the  Katavotbron 
is  more  commonly  situated  at  the  foot  of  the  surrounding  escarpment 
of  limestone ;  and  in  that  case  there  la  sometimes  room  enough  to, 
ollotr  a  person  to  ent«r,  in  summer,  and  eren  to  penetrate  far  into 
the  interior.  Witbin  is  seen  a  suite  of  chambers,  communicating, 
with  eocb  other  by  narrow  passages  ;  and  M.  Virlet  relates,  that  in 
one  instance  he  observeil,  near  the  entrance,  human  bones  imbedded 
in  recent  red  mud,  mingled  with  the  remains  of  plants  and  animals 
of  species  now  inhabiting  the  Morea.  It  is  not  wonderful,  be  snya, 
that  the  bones  of  man  should  be  met  with  in  such  receptacles;  for 
so  murderous  have  been  the  late  wars  in  Greece,  that  skeletons  are 
often  seen  lying  exposed  on  the  surface  of  the  country.* 

Id  summer,  when  no  water  is  flowing  into  the  Katavotbron,  its. 
month,  half  closed  up  with  red  mud,  is  masked  by  a  vigorous  vege- 
tation, which  is  cherished  by  tba  moisture  of  the  place.  It  is  titen 
the  favourite  hiding-place  and  den  of  foxes  and  jackals ;  so  that  the 
Bame  cavity  serves  at  one  season  of  the  jrear  for  tbe  habitation  of 
carnivorous  beasts,  and  at  another  as  the  channel  of  an  engulfed 
river.  Near  the  mouth  of  one  chasm,  M.  Boblaye  and  bis  companions 
saw  the  carcass  of  a  horse,  in  part  devoured,  the  size  of  wiiioh  seemed 
to  have  prevented  the  jackals  from  dragging  it  in :  the  marks  of 
tb«r  teetb  were  observed  on  the  bones,  and  it  was  evident  that  the 
floods  of  the  ensuing  winter  would  wash  in  whatsoever  might  remain 
of  the  skeleton. 

It  has  been  stated  that  the  waters  of  all  these  torrents  of  the  llorea 
•re  turbid  where  they  are  engulfed ;  but  when  tbey  come  out  agiun, 
often  at  tlic  distance  of  many  leagues,  tbey  are  perfectly  clear  ami 
limpid,  being  only  charged  occauonally  with  a  slight  quantity  of  cal- 
careous sand.  The  points  of  efflux  are  usually  near  the  seo-sbores  of  tbe 
Morea.  but  sometimes  they  are  submarine ;  and  when  this  is  tlie  case, 
tbe  aands  are  seen  to  boll  up  for  a  considerable  space,  and  the  surface 
of  the  sea,  in  calm  weather,  swells  in  large  convex  waves.  It  is  cu- 
rious to  reject,  that  when  this  discbarge  falls  in  seasons  of  drought, 
the  pressure  of  tbe  sea  may  force  its  salt  waters  into  subterraneous 
caverns,  nnd  carry  in  marine  sand  and  shells,  to  be  mingled  with 
ossiferous  mud,  and  tbe  remains  of  terrestrial  animals. 

In  general,  however,  the  efflux  of  water  at  these  inferior  openings 
is  surprisingly  uniform.  It  seems,  therefore,  that  the  large  caverns 
in  the  interior  must  serve  as  reservoirs,  and  that  the  water  escapes 
gndatMy  from  them,  in  consequence  of  the  smallneas  of  the  rents 
mnd  passages  by  wbich  they  communicate  with  the  surface. 

The  phenomena  above  described  are  not  confined  to  the  Uore% 
bnt  occur  in  Greece  generally,  and  in  those  parts  of  Italy,  Spaii^ 
Asia  Minor,  and  Syria,  where  the  formation*  of  the  Morea  extend. 
The  Copaic  lake  in  Bceotia  has  no  outlet,  except  by  underground 

■  BnlL  do  la  Soc  G&>1.  de  France,  torn.  iii.  p.  3S3. 
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Dr.  Schmerling  hu  discoTered  in  b  cavom  at  Chockier,  about  two 
le^Qea  from  Li^ge,  three  distinct  beds  of  stalagmite,  and  between 
each  of  them  a  mass  of  breccia,  and  mud  mixed  with  quartz  pebbles, 
and  in  the  three  deposits  the  bones  of  extinct  qnadriipeds.* 

This  exception  does  not  invalidate  the  generalit7  of  the  phe- 
nomenon pointed  out  b^  Dr.  Backland,  one  cause  of  which  ma; 
perhaps  be  this,  that  if  several  floods  pass  at  different  intervals  of 
time  thrODgh  a  subterranean  passage,  the  last,  if  it  has  power  to 
drift  along  fragments  of  rock,  will  also  tear  up  anj  alternating 
Btolagmitic  and  oUuvial  beds  that  maj  have  been  previously  formed. 
Another  cause  may  be,  that  a  particular  line  of  caverns  will  rarely 
be  BO  situated,  in  relation  to  the  lowest  levels  of  a  country,  as  to 
become,  at  two  distinct  epochs,  the  receptacle  of  engulfed  rivers; 
and  if  this  should  happeu,  some  of  the  caves,  or  at  least  the  tunnels  of 
communication,  may  at  the  first  period  be  entirely  choked  up  with 
transported  matter,  so  as  not  to  allow  the  subsequent  passage  of 
water  in  the  same  direction. 

As  the  same  chasms  may  remua  open  throughout  periods  of 
indefinite  duration,  the  species  inhabiting  a  country  may  in  the  mean- 
time be  greatly  changed,  and  thus  the  remuns  of  animala  beloDgiag 
to  very  different  epochs  may  become  mingled  t<^ether  in  a  common 
tomb.  For  this  reason  it  is  trften  difficult  to  separate  the  monumenta 
of  the  human  epoch  from  those  relating  to  periods  long  antecedent, 
and  it  was  not  without  great  care  and  skill  that  Dr.  Buckland  wia 
enabled  to  guard  against  such  anachronisms  in  his  investigation  of 
several  of  the  English  caves.  He  mentions  that  human  skeletons 
were  found  in  the  cave  of  Wokey  Hole,  near  Wells,  in  the  Mendipa, 
dispersed  through  reddish  mud  and  clay,  and  some  of  them  united  by 
Bt^agmite  into  a  firm  osseous  breccia.  "  The  spot  on  which  they  lie 
is  within  reach  of  the  highest  floods  of  the  adjacent  river,  and  the 
mud  in  which  they  are  buried  is  evidently  fluviatile.''f 

In  speaking  of  the  cave  of  Faviland  on  the  coast  of  Glamoi^an- 
sbire,  the  same  author  states  that  the  entire  moss  Arough  which 
bones  were  dispersed  appeared  to  have  been  disturbed  by  ancient 
diggings,  so  that  the  remuns  of  extinct  animala  bad  become  mixed 
with  recent  bones  and  shells.  In  the  same  cave  was  a  human  skele- 
ton, and  the  remains  of  recent  teetocea  of  eatable  species,  which  may 
have  been  carried  in  by  man. 

In  several  caverns  on  the  banks  of  the  Mouse,  near  Li^e,  Dr. 
Schmerliog  has  found  human  bones  in  the  same  mud  and  breccia 
with  those  of  the  elephant,  rhinoceros,  bear,  and  other  quadrupeds  of 
extinct  species.  He  has  observed  none  of  the  dung  of  any  of  these 
animals  :  and  from  this  circumstance,  and  the  appearance  of  the  mud 
and  pebbles,  be  concludes  that  these  caverns  were  never  inhabited  by 
wild  beasts,  but  washed  in  by  a  current  of  water.  As  the  human 
skulls  and  bones  were  in  fragments,  and  no  entire  skeleton  had  been 

.   t.  p.  186.        t  Beli<l(UK  DilBTiaue,  p.  166. 
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foitni),  be  does  not  believe  tliat  these  cares  were  places  of  Mf^ 
but  that  llie  human  remains  were  waaUed  in  at  tbe  auoK  timU 
bones  of  extinct  quadrupeds,  and  that  tbese  loetspedei  of  Bid 
co-existeil  on  the  earth  with  man.  ^ 

Cavi:rnt  in  the  South  of  France.  —  Similar  aoscM^tJoos  H 
south  of  France,  of  human  bones  and  works  of  art,  willi  natai 
extinct  quadrupeds,  have  induced  other  geolugisUi  to  tnaiiUMi 
man  vrus  nn  inhabitant  of  that  part  of  Europe  bt:fur«  th«  rlusM 
hynfoa,  tiger,  and  many  fosuil  species  disappi-arcd.  I  tnaj'  fii^ 
tion  the  cavern  ofBize,  in  tiie  department  of  Auile,  irbiu^  \Llf 
dc  Scrres  met  with  a  email  number  of  human  bona 
those  of  ostinct  animals  and  with  land  vlieUa.  Tbey  c 
careous  etony  mass,  bound  togiather  by  a  cemcot  of  etalagi 
examining  tlic  same  caverns,  ii.  Tuurnnl  found  not  onljr  in 
enreous  bods,  but  also  in  a  block  mud  which' overlies  tk  red  j 
mud,  several  human  teeth,  together  with  broken  nngnUr  I 
of  a  rude  kind  of  pottery,  and  also  iV'Ccnl  roarino  and  i 
shells.  Tlie  teeth  preserve  their  enamel ;  hut  the  fangs  anj  a 
altered  as  to  adhere  strongly  when  applied  to  llic  toDgae. 
terrestrial  shells  thus  nasociated  willi  the  bonva  and  poue 
most  common  are  Ci/clotloma  elet/ani,  Bulimu*  dttcoUatmi,! 
ncmoralis,  anil  If.  nitida.  Among  the  marine  are  found  Pi 
jacoliiFui,  Mi/tiliis  cdulis,  and  S'alica  tnille-panclata,  all  of  then 
able  kinds,  nnd  which  may  have  been  brought  there  for  food.  E 
were  found  in  tlie  same  mass  belonging  to  three  new  species  of  ' 
Ml  extinct  bear  {Ursut  nrctoEf/eui),  and  llie  wild  bull  (^Bot  ■ 
formerly  a  native  of  Germany* 

In  tlie  same  parts  of  France,  M.  de  Ciiristol  lias  found  iti  eai 
in  a  tertinry  limestone  at  Pondres  and  Souvignargues  two  k> 
north  of  Lunci-viel,  in  the  department  of  Ileraull,  human  bona 
pottery  confusedly  mixed  with  remains  of  the  rhinootro*,  I 
hymnn,  and  other  terrestrial  mammifers.  They  were  iinb«U( 
alluvial  mud,  of  the  solidity  of  calcareous  tufa,  and  contaiaiagi 
flint  pebbles  and  fragments  of  (he  limestone  of  the  country.  Ba 
this  mixed  accumulation,  which  sometimes  attained  a  thirkaa 
thirteen  feet,  is  the  original  floor  of  the  cavern,  about  a  foo«  tl 
covered  with  bones  and  the  dung  of  animals  (album  ffntfum), 
sandy  nnd  tufuccous  cement. 

Tlie  human  bones  in  tlicse  caverns  of  Pondres  and  Souvignan 
were  found,  upon  a  careful  analysis,  to  have  parted  wiili  it>eir  an 
matter  to  ns  {-real  a  degree,  as  those  of  tbe  hyaena  tthii-h  aei 
pany  them,  uiid  are  equally  brittle^  and  adhere  aa  strongly  ta 

In  order  to  compare  the  degree  of  alteration  of  these  booca ' 
tliost;  known  to  be  of  high  antiquity,  M.  Marcel  de  Serres  iMi 
BuUurd,  chemists  of  Montpellier,  procured  some  from  a  G« 
sarcophagus,  in  the  plain  of  Lunel,  supposed  to  have  beca  la 

*  U.  Usrcel  dv  Sems,  GiJognosic  itt  Tcmiof  Tcrtiuici,  p,  64.     Tmiulrt 
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for  fourteen  or  fifteen  centuries  at  least  In  these  the  celluUr  tissoe 
was  empty,  but  they  were  more  solid  than  fresh  bones.  They  did 
not  adhere  to  the  tongue  in  the  same  manner  as  those  of  the  cavemB 
of  Bize  and  Pondre^  yet  they  had  lost  at  least  three  fourths  of  their 
original  animal  matter. 

The  superior  solidity  of  the  Gaulish  bones  to  those  in  a  fresh 
skeleton  is  a  fact  in  perfect  accordance  with  the  observationi  made  by 
Dr.  Mantell  on  bones  taken  from  a  Saxon  tumulus  near  Lewes. 

M.  Tessier  has  also  described  a  cavern  near  Mialet,  in  the  depart- 
ment of  Gard,  where  the  remuns  of  the  bear  and  other  animals  were 
mingled  confusedly  with  Iiuman  bones,  coarse  pottery,  teeth  pierced 
for  amulets,  pointed  fragments  of  bone,  bracelets  of  bronze,  and  a 
Boman  um.  Fart  of  this  deposit  reached  to  the  roof  of  the  cavity, 
and  adhered  firmly  to  it.  The  author  suggests  that  the  exterior 
portion  of  the  grotto  may  at  one  period  have  been  a  den  of  bears,  and 
that  afterwards  the  aboriginal  inhabitants  of  the  country  took  possetr 
sion  of  it  either  for  a  dwelling  or  a  burial  place,  and  left  there  the 
coarse  pottery,  amulets,  and  pointed  pieces  of  bone.  At  a  third 
period  the  Romans  may  have  nsed  the  cavern  as  a  place  of  sepulture 
or  concealment,  and  to  them  may  have  belonged  the  um  and  bracelets 
of  metal.  If  we  then  suppose  the  course  of  the  neighbouring  rive^ 
to  be  impeded  by  some  temporary  cause,  a  flood  would  he  occasions 
which,  rushing  into  the  open  grotto,  may  have  washed  all  the  remains 
I  into  the  interior  caves  and  tnnnels,  heaping  the  whole  confusedly 
■     together.* 

I         In  the  controversy  which  has  arisen  on  this  subject  MM.  Marcd 

de  Serres,  De  Christol,  Tournal,  and  others,  have  contended,  that  the 

i:    phenomena  of  this  and  other  caverns  in  the  south  of  France  prove 

t    that  the  fossil  rhinoceros,  hyena,  bear,  and  several  other  lost  species 

^    were  once  contemporaneous  inhabitants  of  the  country,  together  with 

^   man  ;  while  M.  Desnoyers  has  supported  the  opposite  opinion.     The 

^    flint  hatchets  and  arrow-heads,  he  says,  and  the  pointed  bones  and 

f    ooarse  pottery  of  many  French  and  English  caves,  agree  precisely  in 

,     character  with  those  found  in  the  tumuli,  and  under  the  dolmenji 

i    (rude  altars  of  unhewn  stone)  of  the  primitive  inhabitants  of  Gaul, 

1     Britain,  and  Germany.     The  human  bones,  therefore,  in  the  caves 

which  are  associated  with  such  fabricated  objects,  must  belong  not  to 

ftntediluvian  periods,  hut  to  a  people  in  the  same  stage  of  dvilizatioD 

MM  those  who  constructed  the  tumuli  and  altars. 

In  the  Gaulish  monuments  wo  find,  together  with  the  objects  of 
industry  above  mentioned,  the  bones  of  wild  and  domestic  animalB 
of  species  now  inhabiting  Europe,  particularly  of  deer,  sheep,  wild- 
boars,  dogs,  horses,  and  oxen.  This  fact  has  been  ascertained  in 
Quercy,  and  other  provinces  ;  and  it  is  supposed  by  ontiquaries  that 
^e  animals  in  question  were  placed  beneath  the  Cdtic  altars  in 
memory  of  sacrifices  ofiered  to  the  Gaulish  divinity  Hesus,  and  in 
the  tombs  to  commemorate  funeral  repasts,  and  also  tram  a  nippoMt3(m 
^irevalent  among  savage  nations,  which  indnooi  thHt  to  Jw.-.vfr 
*  BnlL  dslaSoc.  G£oL  da  Fnnei^  toa.  &  Ml.!  -  -  -  - 
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proTiaiona  for  the  muDes  of  the  dead  in  a  fatvrc  life.  But  in  ■ 
these  aaciuDt  moDuments  hate  anj  bones  be«n  Tound  of  tba  ekf 
rhinoceros,  hjsnn,  tiger,  and  other  qnadrupedA,  eucb  ■■  tM  I 
ID  caves,  aa  might  certainly  have  been  expected,  had  Umm  q 
continued  to  flourish  at  the  time  that  this  part  of  Gaol  wu  uik| 
hj  man*  1 

We  are  also  reminded  by  M,  D^snoyere  of  a  passage  in  FM 
irliich  it  is  related  that  Cssar  ordered  the  cares  into  which  tl 
taoion  Gaub  had  retreated  to  be  closed  up.  f     It  is  nlco  «■<■ 
that  so  late  as  the  eighth  century,  the  Aquttaniaos  defended  tl 
in  covems  against  King  Pepin.     As  many  of  these  carenu  tl 
may  have^served  in  succession  as  temples  and  babitntiooStM  |i 
sepulture,  concealment,  or  defence,  it  is  easy  to  conrave  I' 
bones,  and  those  of  animals,  in  osseous  breccias  of  n 
may  have  been  swept  away  together,  by  inundations,  ■ 
in  one  promiscuous  heap. 

It  is  not  on  the  evidence  of  snch  intermixtures  thai  «■ 
to  admit  either  the  high  antiquity  of  the  hxm&n  i 
dale  of  certun  lost  species  of  quadrupeds. 

Among  the  various  modes  in  which  the  bonea  of  ■ 
preserved  independently  of  the  agency  of  land  floods  anJ  en( 
rivers,  I  may  mention  that  open  fissures  ol^en  serve  as  natanl 
falls  in  which  herbivorous  animals  perish.  This  may  happen  ibe 
readily  when  they  are  chased  by  beasts  of  prey,  or  when  ssrp 
while  carelessly  browsing  on  the  shrubs  which  so  oft^n  overgro* 
conceal  the  edges  of  fissures.  \ 

During  the  excavations  recently  made  near  Behat  in  India 
bones  of  two  deer  were  found  at  the  bottom  of  an  ancient  well  ■ 
had  been  filled  up  with  alluvial  loam.  Their  horns  were  brokt 
pieces,  but  the  jaw  bones  and  other  parts  of  the  isLeletoa  rfou 
tolerably  perfect.  "Their  presence,"  says  Captain  Cautley,  "is  t 
accounted  for,  as  a  great  number  of  these  and  other  nnimaU  an 
stantly  lost  in  galloping  over  the  jungles  and  amoog  the  hi^  j 
by  falling  into  deserted  wells.''§ 

Above  the  village  of  Selsidei  near  Ingleborough  in  Toriuhi 
chasm  of  enormous  but  unknown  depth  occurs  in  the  scar-limca 
a  member  of  the  carboniferous  series,  "  The  chasmL,"  sajs  I*ni4i 
Sedgwick,  "is  surrounded  by  grassy  shelving  l>anks,  s*d  I 
animals,  tempted  towards  its  brink,  have  foUeu  down  and  periilil 
it.  The  approach  of  cattle  b  now  prevented  by  a  stroog  kA;  i 
but  ther<^  can  be  no  doubt  that,  during  the  last  two  or  tiatt  tkxt 
years,  great  nias-'t's  of  bony  breccia  must  have  ac^■umuUt^d  in 
lower  parts  of  the  great  fissure,  which  probably  descends  ihn 
the  whole  thickness  of  the  acar- limestone,  to  the  depth  of  pet 
five  or  six  hundred  feet."| 

*  Desnojen,  Bull  de  la  Sac  GeoL  §  See  above,  ppi.  >  30,  731. 

do  France,  lom.  ii.  p.  Hi.  f  On  tba  LiUc  UonnuiM  of  ', 

t  Hist.  Rom.  Epit..  lib.  iil  &  10.  of  EagUnd,  G«aL  Soc  Jan.  S.  IM 
X  Bai;Uand,B^aiaDilatian>.p.as. 
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Wbea  any  of  these  natural  pit-falls  happen  to  conunnnicate  with 
lines  of  sabterranean  caverns,  the  bones,  earth,  and  breccia,  may  sink 
by  their  own  weight,  or  be  washed  into  the  vaults  below. 

At  the  north  extremity  of  the  rock  of  Gibraltar  are  perpendicular 
fissures,  on  the  ledges  of  which  a  number  of  hawks  nestle  and  rear 
their  young  in  the  breeding  season.  They  throw  down  from  their 
nests  the  bones  of  small  birds,  mice,  and  other  animals  on  which  they 
feed,  and  these  are  gradunlly  united  into  a  breccia  of  angular  frag- 
ments of  the  decomposing  limestone  with  a  cement  of  red  earth. 

At  the  pass  of  Eacrinet  in  France,  on  the  northern  escarpment  of 
the  Coiron  hills,  near  Aubenas,  1  have  seen  a  breccia  in  tiie  act  of 
forming.  Small  pieces  of  disintegrating  limestone  are  transported, 
during  heavy  rains,  by  a  streamlet,  to  the  foot  of  the  declivity,  whera 
land  sbells  are  very  abundant-  The  shells  and  pieces  of  stone  soon 
become  cemented  together  by  stalagmite  into  a  compact  mass,  and 
the  talus  thus  formed  is  in  one  place  fif^y  feet  deep,  and  five  hundred 
yards  wide.  So  firmty  is  the  lowest  portion  consolidated,  tbat  it  is 
quarried  for  mill -stones. 

Becenl  ttalagmilie  limetUme  of  Cuba.  —  One  of  the  most  singular 
examples  of  the  recent  growth  of  stalagmitic  limestone  in  caves  and 
fissures,  is  that  described  by  Mr.  B.  C.  Taylor,  as  observable  on  the 
north-east  part  of  the  island  of  Cuba.*  The  country  there  ia 
composed  of  a  white  marble,  in  which  are  unmerous  cavitiei, 
[lartially  filled  with  a  calcareous  deposit  of  a  brick-red  colour.  In 
this  red  deposit  are  shells,  or  often  the  hollow  casts  of  shells,  chiefly 
referable  to  eight  or  nine  species  of  land  snails,  a  few  scattered 
bones  of  quadrupeds,  and,  what  is  still  more  singular,  marine 
univalve  shells,  often  at  the  height  of  many  hundred,  or  even  one 
thousand  feet  above  the  sea.  The  following  explanation  is  given  of 
the  gradual  increase  of  this  deposit.  Land  snails  of  the  genera 
Helix,  Cyclostoma,  Pupa,  and  Clausilia,  retire  into  the  caves,  the 
floors  of  which  are  strewed  with  myriads  of  their  dead  and  un- 
occupied shells,  at  the  same  Ume  that  water  infiltered  through  the 
mountain  throws  down  carbonate  of  lime,  enveloping  the  sheila, 
together  with  fragments  of  the  white  limestone  which  occa^onally 
falls  from  the  roof.  Multitudes  of  bats  resort  to  the  caves ;  and 
their  dung,  which  is  of  a  bright  red  colour,  (probably  derived  from 
the  berries  on  which  they  feed,)  imparts  its  red  hue  to  the  mass. 
Sometimes  also  the  Hutia,  or  great  Indian  rat  of  the  island,  dies  and 
leaves  its  bones  in  the  caves.  "At  certain  seasons  the  soldier-crabs 
resort  to  the  sea-shore,  and  then  return  from  their  pilgrimage,  each 
carrying  with  them,  or  rather  dragging,  the  shell  of  some  marine 
univalve  for  many  a  weary  mile.  They  may  be  traced  even  at  the 
distance  of  eight  or  ten  miles  from  ^e  shore,  on  the  summit  of 
mountains  1200  feet  high,  like  the  pilgrims  of  the  olden  times,  each 
bearing  his  shell  to  denote  the  character  and  extent  of  his  wan- 
derings."    By  this  means  several  gpeciefl  of  marine  teatacea  of  the 
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genera  Troclins,  Turbo,  Littorina,  and  Mono^Ionla.   _.  .    , 
into  inland  cavetns,  and  eater  iaio  the  composition  of  tbc  ■ 
ibrmed  rock. 
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Ilf&EDDINO  Of  ORGANIC  REMAKS  IK  STJUAQDEOCrs 

IHrtiion  of  the  robjrrt — Imbedding  of  t«imlrial  aniinak  taut 
■pedflc  graviEy  nf  wood  tank  ft  ^tru  dejiclu  in  ti 
UBduntie  ia  Slave  Lake  uiil  Polar  Sea— l^ooting 
the  Gulf  Stf«am— on  the  coast  of  Iceland,  KpitilterKin, 
loaTiDU  foniata  —  ExBiDplo  ou  coast  of  Uampohire — ' 

ImbeJdiBg  of  marine  planM — of  insecU — of  reptCe« 

— Imbedding    of  torrcslria]  qnndnipt^s  bjr  iitc 

«licU  TDoH — Imhedding  of  traunmifcroaa  nanaiin 

Division  of  the  tuhj&ct.  —  Having  trcsted  of  the  ii 
remains  in  deposits  formed  upon  (he  Iflnd,  I  sf 
including  of  the  same  in  deposits  formed  underwater. 

It  nil!  be  conTenicnt  to  divide  this  branch  of  our  subject  t 
three  parts  ;  considering,  first,  the  various  modes  whereby  the  rd 
of  terrestrial  species  may  be  buried  in  Bubaqueous  fonnatiom :  ' 
condly,  the  modes  whereby  animnis  and  plants  inhabiting  _/>*»!  ■■ 
may  be  so  entombed  ;  thirdly,  bow  marine  species  may  becooM  p 
served  in  new  strata. 

The  phenomena  above  enumerated  demand  a  fuller  ibm 
attention  thnn  those  previously  examined,  since  the  deponi*  wfc 
originate  upon  dry  land  are  insignificant  in  thickness,  npRfii 
estent,  and  durability,  when  contrasted  with  those  of  sabaqon 
origin.  At  the  same  time,  the  study  of  the  Uner  ia  be»rt  w 
greater  diffiiiullies ;  for  we  sre  here  concerned  with  the  t 
processes  much  farther  removed  from  the  spher 
serration.  There  is,  indeed,  no  circumstance  which  M  s 
impedes  the  acquisition  of  just  views  in  our  science  u  an 
disregard  of  the  important  fact,  that  the  reproductive  effect 
principal  agents  of  change  are  confined  to  another  element- 
larger  portion  of  the  globe,  from  which  by  our  very  o 
are  almost  entirely  excluded." 

Imheddiitg  of  Terrettrial  Plantt. 

When  a  tree  falls  into  a  river  from  the  andermining  of  the  bai 
or  from  being  washed  in  by  a  torrent  or  flood,  it  flotts  on  tbe  svh 
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not  because  the  woody  portion  is  specifically  lighter  than  water,  but 
because  it  is  full  of  pores  containing  air.  When  soaked  for  a  con- 
aiderable  time,  the  water  makes  its  way  into  these  pores,  and  the 
wood  becomes  water-logged  and  sinks.  The  time  required  for  this 
process  varies  in  different  woods ;  but  several  kinds  may  be  drifted 
to  great  distances,  sometimes  across  the  ocean,  before  they  lose  their 
buoyancy. 

Wood  sunk  to  a  great  depth  in  the  sea, — If  wood  be  sunk  to  vast 
depths  in  the  sea,  it  may  be  impregnated  with  water  suddenly. 
Captain  Scoresby  informs  us,  in  his  Account  of  the  Arctic  Regions, 
that  on  one  occasion  a  whale,  on  being  harpooned,  ran  out  all  the 
lines  in  the  boat,  which  it  then  dragged  under  water,  to  the  depth  of 
several  thousand  feet,  the  men  having  just  time  to  escape  to  a  piece 
of  ice.  When  the  fish  returned  to  the  surface  ''to  blow,"  it  was 
struck  a  second  time,  and  soon  afterwards  killed.  The  moment  it 
expired  it  began  to  sink, — an  unusual  circumstance,  which  was  found 
to  be  caused  by  the  weight  of  the  sunken  boat,  which  still  remained 
attached  to  it.  By  means  of  harpoons  and  ropes  the  fish  was  pre- 
vented from  sinking,  until  it  was  released  from  the  weight  by  con- 
necting a  rope  to  the  lines  of  the  attached  boat,  which  was  no  sooner 
done  than  the  fish  rose  again  to  the  surface.  The  sunken  boat  was 
then  hauled  up  with  great  labour  ;  for  so  heavy  was  it,  that  although 
before  the  accident  it  would  have  been  buoyant  when  full  of  water, 
yet  it  now  required  a  boat  at  each  end  to  keep  it  from  sinking. 
''When  it  was  hoisted  into  the  ship,  the  paint  came  off  the  wood  in 
large  sheets  ;  and  the  planks,  which  were  of  wainscot,  were  as  com- 
pletely soaked  in  every  pore  as  if  they  had  lain  at  the  bottom  of  the 
sea  since  the  fiood !  A  wooden  apparatus  that  accompanied  the  boat 
in  its  progress  through  the  deep,  consisting  chiefly  of  a  piece  of  thick 
deal,  about  fifteen  inches  square,  happened  to  fall  overboard,  and 
though  it  opginally  consisted  of  the  lightest  fir,  sank  in  the  water 
like  a  stone.  The  boat  was  rendered  useless :  even  the  wood  of 
which  it  was  built,  on  being  offered  to  the  cook  for  fuel,  was  tried  and 
rejected  as  incombustible."  * 

Captain  Scoresby  found  that,  by  sinking  pieces  of  fir,  elm,  ash,  &c^ 
to  the  depth  of  four  thousand  and  sometimes  six  thousand  feet,  they 
became  impregnated  with  sea-water,  and  when  drawn  up  again,  after 
immersion,  for  an  hour,  would  no  longer  float.  The  effect  of  this 
impregnation  was  to  increase  the  dimensions  as  well  as  the  specific 
gravity  of  the  wood,  every  solid  inch  having  increased  one-twentieth 
in  size  and  twenty-one  twenty-fifths  in  weight,  f 

Drift-wood  of  the  Mackenzie  River. — When  timber  is  drifted 
down  by  a  river,  it  is  often  arrested  by  lakes  ;  and,  becoming  water- 
logged, it  may  sink  and  be  imbedded  in  lacustrine  strata,  if  any  be 
there  forming ;  sometimes  a  portion  floats  on  till  it  reaches  the  sea. 
In  the  course  of  the  Mackenzie  River  we  have  an  example  of  vast 

*  Accoonft  of  the  Arctic  Begions,  voL  ii  p.  193.         f  Ibid.  p.  202. 
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accumnlationfl  of  vegetable  matter  now  is  progreaa  tui<ler  botk^ 
drcuinstnnMa. 

In  Slave  Lake  in  particular,  wliicb  tics  in  tlhnciwiaiw  with  ■ 
of  the  grpnt  frealiwalor  seas  of  Canada,  tbe  quantity  <if  drHl-<i^ 
brought  down  annuallj  is  enorraous.  "Am  the  trr«»,"'  aaja  I 
RichardBon,  "retaia  their  roots,  which  are  often  loaded  with^ 
and  stones,  they  readily  sink,  capecially  when  wttler-aoakadird 
BCcnmuUting  in  tbe  eddie»,  form  shoali,  which  ultimaldj  Ms4 
into  islands.  A  tliicket  of  email  willows  coven  the  i>up  M 
island  as  bood  aa  it  appcnrs  aboTc  water,  and  dieir  flbcooa  n 
serve  to  bind  the  whole  firmly  together.  Sectkos  vf  tbeM  Um 
are  annually  made  by  the  river,  assisted  by  tba  &«Mt  i  Hid  it 
inlercaling  to  study  the  diversity  of  appearances  th«7  fttmett,  I 
cording  to  tbcir  dilfcrent  nges.  The  tronks  of  the  trees  grain 
decay  until  they  arc  converted  into  a  blackish  browa  ralriM 
resembling  peat,  but  which  slill  retniDs  more  or  leas  af  the  ftn 
structure  of  the  wood  ;  and  layers  of  tills  often  alienurte  «ith  l^i 
«f  clay  and  sand,  tbe  whole  being  penetrated,  to  tfa«  depth  of  fair 
five  yartls  or  more,  by  the  long  iibrous  roota  of  tbe  willows  t 
depoxition  of  this  kind,  with  the  aid  of  a  litlltt  infiltr&tMo  of  l| 
minous  matter,  would  produce  an  excellent  imitation  of  n«l, 
vegetable  impressions  of  the  willow-roola.  What  appearMl 
remarkable  was  the  horizontal  slaty  slructure  that  the  old  iHoi 
banks  presented,  or  the  regular  curve  that  the  strata  assnntnl  &i 
nn equal  subsidence. 

"  It  was  in  the  rivers  only  that  we  could  observe  sectioiu  of  thi 
deposits ;  but  the  same  ojieration  goes  on,  on  a  much  more  tiiagn*^ 
scale,  in  the  lakes.  A  shoal  of  many  miloa  in  extent  is  fomed  <■  I 
south  side  of  Athabasca  Lake,  by  the  drift  timber  mnd  ttgttol 
debris  brought  down  by  the  Kik  River  ;  and  the  Slave  Lake  ita 
must  in  process  of  time  be  filled  up  by  the  mutters  daily  oostct 
into  it  from  Slave  River.  Vast  quantities  of  drift-timber  an'  boii 
under  the  sand  at  the  mouth  of  the  river,  and  enonnous  pil«  ai 
are  accumulated  on  the  shores  of  every  part  of  the  lake."" 

The  banks  of  tbe  KLickenzlc  display  almost  every  where  bonna 
beds  of  wood  coal,  alternating  with  bituminous  clay,  graved  m 
and  friable  sandstone  ;  sections,  in  short,  of  such  deposila  u  are  ■ 
evidently  forming  at  the  bottom  of  the  lakes  which  it  iravvsM. 

Notwithstanding  the  vast  forests  intercepted  by  tlie  Ukei,  ad 
greater  mass  of  drift-wood  is  found  where  the  Mackenzie  rcMhestI 
sea,  in  a  latitude  where  no  wood  grows  at  present  excrpt  a  (e 
stunted  willows.  At  the  mouths  of  the  river  the  alluvial  maitn'  h 
fonnuJ  a  barnt;r  uf  ijlauJs  unj  shuals,  where  we  may  cxftcxi  a  gie 
formation  of  coal  at  gome  distant  period. 

The  abundance  of  floating  timber  on  the  Mat^eBBe  is  owii>;. 
Dr.  RicbardsoQ  informs  me,  to  the  direction  and  to  the  length  of  t 
course  of  this  river,  which  runs  from  south  to  north,  ao  that  t 

*  Dr.  BieturdiOD's  Grcognost.  Ob*,  on  C*pL  FranUin'l  Fotai 
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sources  of  the  stream  lie  in  much  warmer  latitudes  than  its  mouths. 
In  the  country,  therefore,  where  the  sources  are  situated,  the  frost 
breaks  up  at  an  earlier  season,  while  yet  the  waters  in  the  lower 
part  of  its  course  are  ice-bound.  Hence  the  current  of  water, 
rushing  down  northward,  reaches  a  point  where  the  thaw  has  not 
begun,  and,  finding  the  channel  of  the  river  blocked  up  with  ice,  it 
OTcrfiows  the  banks,  sweeping  through  forests  of  pines,  and  carrying 
away  thousands  of  uprooted  trees. 

Dnft'timber  on  coasts  of  Iceland^  Spitzbergeny  S^c, — The  ancient 
forests  of  Iceland,  observes  Malte-Brun,  have  been  improvidently 
exhausted ;  but,  although  the  Icelander  can  obtain  no  timber  from 
the  land,  he  is  supplied  with  it  abundantly  by  the  ocean.  An  immense 
quantity  of  thick  trunks  of  pines,  firs,  and  other  trees,  are  thrown 
upon  the  northern  coast  of  the  island,  especially  upon  North  Cape 
and  Cape  Langaness,  and  are  then  carried  by  the  waves  along  these 
two  promontories  to  other  parts  of  the  coast,  so  as  to  afford  sufficiency 
of  wood  for  fuel  and  for  constructing  boats.  Timber  is  also  carried 
to  the  shores  of  Labrador  and  Greenland ;  and  Crantz  assures  us 
that  the  masses  of  floating  wood  thrown  by  the  waves  upon  the 
island  of  John  de  Mayen  often  equal  the  whole  of  that  island  in 
extent* 

In  a  similar  manner  the  bays  of  Spitsbergen  are  filled  with  drift* 
wood,  which  accumulates  also  upon  those  parts  of  the  coast  of  Siberia 
that  are  exposed  to  the  east,  consisting  of  larch  trees,  pines,  Siberian 
cedars,  firs,  and  Pernambuco  and  Campeachy  woods.  These  trunks 
appear  to  have  been  swept  away  by  the  great  rivers  of  Asia  and 
America.  Some  of  them  are  brought  from  the  Gulf  of  Mexico,  by 
the  Bahama  stream ;  while  others  are  hurried  forward  by  the  current 
which,  to  the  north  of  Siberia,  constantly  sets  in  from  east  to  west. 
Some  of  these  trees  have  been  deprived  of  their  bark  by  friction,  but 
are  in  such  a  state  of  preservation  as  to  form  excellent  building 
timber,  f  Parts  of  the  branches  and  almost  all  the  roots  remain 
fixed  to  the  pines  which  have  been  drifted  into  the  North  Sea,  into 
latitudes  too  cold  for  the  growth  of  such  timber,  but  the  trunks  are 
usually  barked. 

The  leaves  and  lighter  parts  of  plants  are  seldom  carried  out  to 
sea,  in  any  part  of  the  globe,  except  during  tropical  hurricanes  among 
islands,  and  during  the  agitations  of  the  atmosphere  which  sometimes 
accompany  earthquakes  and  volcanic  eruptions. 

Comparative  number  of  living  and  fossilized  species  of  plants, — It 
will  appear  from  these  observations  that,  although  the  remains  of 
terrestrial  vegetation,  borne  down  by  aqueous  causes  from  the  land, 
are  chiefly  deposited  at  the  bottom  of  lakes  or  at  the  mouths  of 
rivers ;  yet  a  considerable  quantity  is  drifted  about  in  all  directions 
by  currents,  and  may  become  imbedded  in  any  marine  formatiouy  or 

*  Malte-Bmn,  Geog.,  vol.  t.  part  L  f  Olafsen,  Voyage  to  Iceland,  torn,  i 
p.  112. — BraDtz,  Hist,  of  Greenland,  Malte-Bnm'sGeog.,  voLv.  panip.  112. 
tom.  i  pp.  53 — 54. 
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a  water-logged,  to  tlf 
kcuumulate  without  £( 


may  sink  down,  whei 
abysses,  and  there  i 
stances.  1 

It  may  be  asked  whether  we  have  any  4 
remains  of  a  congiderable  proportion  of  tlj 
will  be  permanently  preserved,  so  as  to^ 
auppoEing  the  stratu  now  in  progress  UA 
upraised  ?  To  this  inquiry  it  may  be  u 
reasons  tor  expecting  that  more  than  a  n 
DOW  flourishing  in  the  globe  will  become  t 
habitations  of  a  great  number  of  them  i 
seas,  and  even  where  they  grow  near  to  ] 
circumstances  are  quite  ai'cidental  and  pal 
bedding  and  cons^crvation  of  vegetabfl 
example,  that  the  species  of  plants  inb 
basin  of  the  Rhine,  or  that  region,  exte 
sen,  which  is  watered  by  the  Rhine  and  it 
be  about  2500  in  number,  exclusive  of  th( 
estimate  is  by  no  means  exaggerated ;  yet 
the  deposits  which  have  reaulled  from  the 
the  Lake  of  Constance,  and  off  the  cuosl  ui 
expect  to  obloin  from  the  recent  strata 
o^Jifly  species  in  such  a  state  of  preservp 
to  determine  their  specific  characters  with 
Those  naturalists,  therefore,  who  infe 
the  globe  was,  at  certain  periods,  less 
because  they  have  as  yet  discovered  only  i 
of  a  particular  epoch,  while  they  can  > 
hundred  thousand  living  ones,  are  reosoni 
standard  of  comparison  is  not  the  i^ame  in 
Submarine  famts  on  coast  t^  Hants. — 
the  submarine  position  of  several  forest 
standing  in  a  vertical  position  on  the  B 
in  some  instances,  to  the  subsidence  of  lai 
which  require  a  different  explanation. 
Ilarris,  discoveretl,  in  1831.  evident  trace 
mean  level  of  the  sea,  at  Doummoutb,  ii 
having  been  laid  open  during  a  low  sprii 
peat  nnd  wood,  and  is  situated  between  tt 
about  200  yards  off,  and  extends  fifty  yar 
lies  in  tlie  direct  line  of  the  Boummoulh " 
of  which  it  is  spparaled  by  200  yards 
Down  the  valley  flows  a  large  brook,  U 
considerable  tract  of  rough,  boggy,  and 
duces  a  few  birch  trees,  and  a  great  abu 
Seventy-six  rings  of  annual  growth  we 
eection  of  one  of  the  buried  fir-trees,  v 
diameter.  Besides  the  stumps  and  roob 
*  S);e  above,  pp.  303.  ■ 
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birch  are  found  in  the  peat ;  and  it  is  a  curious  fact,  that  a  part  of 
many  of  the  trees  have  been  conTerted  into  iron  pyrites.  The  peat 
resta  on  pebblj  strata,  precisely  similar  to  the  sand  and  pebbles 
occnrring  on  the  adjoining  heaths. 

As  the  sea  is  encroaching  on  this  shore,  we  may  suppose  that  at 
■onie  former  period  the  Bourne  Valley  extended  fartber,  and  that  its 
extremity  consisted,  as  at  present,  of  boggy  ground,  partly  clothed 
with  fir-trees.  The  bog  rested  on  that  bed  of  pebbles  which  vre  now 
see  below  the  peat ;  and  the  sea,'iii  its  progressive  encroachments, 
erentually  laid  bare,  at  low  water,  the  sandy  foundations;  upon 
trhich  a  stream  of  fresh  water,  rushing  through  the  sand  at  the  fall  of 
the  tides,  carried  out  loose  sand  with  it.  The  SDper.stratum  of 
vegetoble  matter,  being  matted  and  bound  together  by  the  roots  of 
trees,  remained ;  but  being  undermined,  sanli  down  below  the  level 
of  the  sea,  and  then  the  waves  washed  sand  and  shingle  over  it.  In 
support  of  this  hypothesis,  it  may  be  observed,  that  small  streams  of 
fresh  water  often  pass  under  the  sands  of  the  sea-beach,  so  that  they 
nay  be  crossed  dry-shod  ;  and  the  water  is  seen,  at  the  point  where 
it  issues,  to  carry  out  sand  and  even  pebbles. 

Mineralixation  of  planli,  —  Although  the 'botanist  and  chemist 
have  as  yet  been  nnablc  to  explain  fully  the  manner  in  which  wood 
becomes  petrified,  it  is  nevertheless  ascertained  that,  under  favourable 
circumstances,  the  lapidifying  process  is  now  continually  going  on. 
A  piece  of  wood  was  lately  procured  by  Mr.  Stokes,  from  an  ancient 
Koman  aqueduct  in  Westphalia,  in  which  some  portions  were  con- 
verted into  spindle-shaped  bodies,  consisting  of  carbonate  of  lime, 
while  the  rest  of  the  wood  remained  in  a  comparatively  unchanged 
Btate.*  It  appears  that  in  some  cases  the  most  perishable,  in  others 
the  most  durable,  portions  of  plants  are  preserved,  variations  which 
doubtless  depend  on  the  time  when  the  mineral  matter  was  supplied. 
If  introduced  immediately,  on  the  first  commencement  of  decomposi- 
tion, then',  the  most  destructible  parts  are  lapidified,  while  the  more 
durable  do  not  waste  away  till  afterwards,  when  the  supply  has 
failed,  and  so  never  become  petrified.  The  converse  of  these  cir- 
cumstances gives  rise  to  exactly  opposite  results. 

Professor  Goppert,  of  Breslau,  has  instituted  a  series  of  curious 
experiments,  in  which  he  has  succeeded  in  producing  some  very 
remarkable  imitations  of  fossil  petrifactions.  He  placed  recent  ferns 
between  soft  layers  of  clay,  dried  these  in  the  shade,  and  then  slowly 
tnd  gradually  heated  them,  till  they  were  red-hot  The  result  was 
the  production  of  so  perfect  a  counterpart  of  fossil  plants  as  might 
bsve  deceived  an  experienced  geologist.  According  to  the  different 
degrees  of  heat  appUed,  the  plants  were  obtained  in  a  brown  or  per- 
fectly carbonized  condition ;  and  sometimes,  but  more  rarely,  they 
Vere  in  a  black  shining  state,  adhering  closely  to  the  layer  of  clay. 
If  the  red  heat  was  sustained  until  all  the  organic  matter  was  burnt 
Up,  only  an  impresnon  of  the  plant  remained. 

*  GeoL  Tians.,  second  series,  vol  t.  p.  St^ 
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The  same  chemist  eteepcd  planU  in  a  mo«lcralel7  strong  aoUlki 
of  sulphate  of  iron,  nnd  left  them  immersed  in  it  for  aevenl  iq*    ' 
until  they  were  tboroughlj  goakoJ  in  the  liquid.     Tbey  wen  ^ikM    I 
dried,  and  kept  heated  until  the^  would  do  longer  abrink  in  toImb^    i 
and  until  eveiy  trace  of  organic  matter  hod  dlssppcMTed.     On  Mabl( 
them  he  found  that  the  oxide  formed  hy  this  process  Iwl  ukea  iht 
form  of  the  plants.     A  variety  of  other  experimenta  wer«  mule  by 
Gttieping  animal  and  vegetable  substances  in  siliceous,  calcnreooi^al 
metallic  solutions,  and  all  tended  to  prove  that  tbe  mipeniljwttf  rf 
organic  bodies  can  be  carried  much  lorther  in  a  short  time  than  U    i 
been  previously  supposed,* 

^P  Imbedding  of  the  Remaitu  o/Int«rU. 

I  have  observed  the  elytra  acid  other  parts  of  beetles  in  ft  band  (( 
fissile  clay,  separating  tno  beds  of  recent  ahell-mu'l,  in  tfa«  Lse^lf 
Kinnordy  in  Forfarshire-  Amongst  these,  Mr.  Curtis  ) 
Elaior  lineatus  and  Atopa  cervina,  species  still  living  i 
Tlieoe,  as  well  as  other  remains  whieb  accompaniod  ihem,  ifpBWM  | 
belong  to  terrestrial,  not  aquatic,  species,  and  must  have  been  ttati  Q 
down  in  muddy  water  during  an  inundation.  In  tb«  laciwtriiM  f^  l| 
of  the  f.ame  loi^iilily,  the  eiylra  of  bi.-etk^  nrr-  (i,>I  tuny. m men  ;  tr-t  in 
the  deposits  of  drained  lakes  generally,  and  in  the  ailt  of  our  estuaries, 
the  relics  of  tills  class  of  the  animal  kingdom  are  rare.  In  the  bla« 
clay  of  very  modern  origin  of  Lewea  levels,  Dr.  Mantell  has  found 
the  Indusia,  or  cases  of  the  larvte  of  Fhryganea,  in  abundance,  "itb 
minute  shells  belonging  to  the  genera  Planorbis,  Limnea,  &c,  adher- 
ing to  them.'t' 

When  speaking  of  the  migrations  of  insects,  I  pointed  out  that  la 
immense  number  are  floated  into  lakes  and  seas  by  rivers,  <x  blowi 
by  winds  far  from  the  land ;  but  they  are  so  buoyant  that  we  oa 
only  suppose  them,  under  very  peculiar  circumstances,  to  sink  to  the 
bottom  before  they  are  either  devoured  by  insectivorooa  animab  or 
decomposed. 

Remaim  oflteptilet. 
As  the  bodies  of  several  crocodiles  were  found  in  the  mud  broogiit 
down  to  the  sea  by  the  river  inundation  which  attended  an  euth- 
quake  in  Java,  in  the  year  1699,  we  may  imagine  that  extraoidinar; 
floods  of  mud  may  stifle  many  individuals  of  the  shoaU  of  alhgaion 
and  other  reptiles  which  frequent  lakes  and  the  deltas  of  rivers  in 
tropical  climates.  Thousands  of  frogs  were  found  leaping  about 
among  the  wreck,  carried  into  the  sea  by  the  inundations  in  M.oraj- 
shire,  in  1829^  ;  and  it  is  evident  that  whenever  a  sea-cliff  is  ande^ 

•  Goppcrt,    PoggendorTi    Annalcn        f  Trani.   GooL  Sue,  »dL  m.  p^ni- 

der  I'hjsik  nnd  Chi^miv,  vol.  xxxriiL  p.  301.,  serood  Miica. 
part  iv.,Leipaic,  1836.    See  also  Lydl"*        t  Sir  T.  D. '  *-"-■ 

Uauoal  of  GcoL,  p.  40.  p.  311. 
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mined,  or  land  is  swept  by  other  violent  causes  into  the  sea,  land 
reptiles  maj  be  carried  in. 


Remains  of  Birds. 

We  might  have  anticipated  that  the  imbedding  of  the  remains  of 
birds  in  new  lArata  would  be  of  very  rare  occurrence,  for  their  powers 
of  flight  insure  them  against  perishing  bj  numerous  casualties  to 
which  quadrupeds  are  exposed  during  floods ;  and  if  thej  chance  to 
be  drowned,  or  to  die  when  swimming  on  the  water,  it  will  scarcely 
ever  happen  that  they  will  be  submerged  so  as  to  become  preserved 
in  sedimentary  deposits.  In  consequence  of  the  hollow  tubular 
structure  of  their  bones  and  the  quantity  of  their  feathers  they  are 
extremely  light  in  proportion  to  their  volume;  so  that  when  first 
killed  they  do  not  sink  to  the  bottom  like  quadrupeds,  but  float  on 
the  surface  until  the  carcass  either  rots  away  or  is  devoured  by 
predaceous  animals.  To  these  causes  we  may  ascribe  the  absence 
of  any  vestige  of  the  bones  of  birds  in  the  recent  marl  formations  of 
{Scotland ;  although  these  lakes,  until  the  moment  when  they  were 
artificially  drained,  were  frequented  by  a  great  abundance  of  water- 
fowL 

Imbedding  of  Terrestrial  Quadrupeds, 

River  inundations  recur  in  most  climates  at  very  irregular 
intervals,  and  expend  their  fury  on  those  rich  alluvial  plains,  where 
herds  of  herbivorous  quadrupeds  congregate  tc^ether.  These  animals 
are  often  surprised;  and,  being  unable  to  stem  the  current,  are 
hurried  along  until  they  are  drowned,  when  they  sink  at  first  im- 
mediately to  the  bottom.  Here  their  bodies  are  drifted  along, 
together  with  sediment,  into  lakes  or  seas,  and  may  then  be  covered 
by  a  mass  of  mud,  sand,  and  pebbles,  thrown  down  upon  them.  If 
there  be  no  sediment  superimposed,  the  gases  generated  by  putre* 
faction  usually  cause  the  bodies  to  rise  again  to  the  surface  about 
the  ninth,  'or  at  latest  the  fourteenth  day.  The  pressure  of  a  thin 
covering  of  mud  would  not  be  sufficient  to  retain  them  at  the  bottom ; 
for  we  see  the  putrid  carcasses  of  dogs  and  cats,  even  in  rivers, 
floating  with  considerable  weights  attached  to  them,  and  in  sea-water 
they  would  be  still  more  buoyant. 

Where  the  body  is  so  buried  in  drift-sand,  or  mud  accumulated 
upon  it,  as  never  to  rise  again,  the  skeleton  may  be  preserved  entire ; 
but  if  it  comes  again  to  the  surface  while  in  the  process  of  putrefac- 
tion, the  bones  commonly  fall  piecemeal  from  the  floating  carcass, 
and  may  in  that  case  be  scattered  at  random  over  the  bottom  of  the 
lake,  estuary,  or  sea ;  so  that  a  jaw  may  afterwards  be  found  in  one 
place,  a  rib  in  another,  a  humerus  m  a  third — all  included,  perhi^>s, 
in  a  matrix  of  fine  materials,  where  there  may  be  evidence  of  very 
slight  transporting  power  in  the  current,  or  even  of  none,  but  dmply 
of  some  chemical  precipitate. 
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A  birge  number  of  the  bodies  of  droimcd  aotmala.  it  they  ^ 
into  tlie  aea  or  a  lake,   cspccialtjr  in  hot  elioute«,    an   imlfl 
devoured  by  sharks,  alligatora,  and  other  caraSrorons  bea*ts,  wV 
may  have  power  to  digest  even  the  bones;  bat  during  extrurAa 
floods,  when  tbe  greatest  number  of  land  animals  ««  destniTi^ 
waters   are   commonly  so  turbid,   eepecially  at  tbe    botum  if 
cbaonel,  that  even  aijuatic  species  are  compelled  lo  escape  int* 
retreat  ivhero  there  is  clearer  water  lest  they  sbouLd  be  ctifl^d. 
tbis  reason,  as  well  aa  the  rnpidity  of  sedimentary  deposition  al 
seasons,  tbe  probability  of  carcasses  becoming  permuieiitlj  ioih 
is  considerable. 

rtood  in  the  Solieay  Firth.  1794.  — One  of  tbe  moat  ^Mi 
floods  of  modern  date,  in  our  island,  is  that  nhich  visilJtd  parti 
southern  borders  of  Scotland,  on  tbe  24th  of  Januarr,  ITMg 
which  spread  particular  devastation  over  the  country  a4fO*>^ 
Solwoy  Firth. 

We  team  from  the  account  of  Captun  Kapier,  that  the 
rains  had  swollen  every  stream  which  entered  the  Firth  of  St 
so  that  the  inundation  not  only  carried  sway  a  great  nuraberof  J 
and  sheep,  but  many  of  the  herdsmen  and  shepherds,  ^aM»f  I 
their  bodies  into  the  estuary.  A(\er  the  slortn,  wbeo 
subsidttd,  aa  extraordinary  spectacle  was  seen  on  a  Urg«  nad^ 
called  "  the  beds  of  Esk,"  where  there  is  a  meeting  of  the  tidal  waK 
and  where  heavy  bodiys  arc  usually  left  stranded  after  great  too 
On  this  single  bank  were  found  collected  together  tbe  bodies  tit 
black  caltic,  3  horses,  1840  sheep,  45  dogs,  180  bares,  bcsi-ies 
great  number  of  smaller  animals,  and,  mingled  with  the  re»i.  I 
corpses  of  two  men  and  one  woman.* 

Fhods   in    Scollanil,    1829 In   those   more    recent    floods 

Scotland,  in  August,  1B29,  whereby  a  ferlile  district  on  the 
became  a  scene  of  dreadful  desolation,  a  vast  number  of; 
plants  were  washed  from  the  land,  and  found  scattered  abootafterl 
storm,  around  (he  mouths  of  the  principal  rivers.  An  ej«-wii» 
thus  describes  the  scene  which  presented  itself  at  the  montlt  of  I 
Spey,  in  Morayshire: — "For  several  miles  along  the  bcMcb  era* 
were  employed  in  endeavouring  to  save  the  wood  and  oAermt 
with  which  the  heavy-rolling  tide  was  loaded  ;  whilst  the  nar^ 
the  sea  was  strewed  with  the  carcasses  of  domestic  animals,  aarf  *i 
millions  of  dead  liiirfs  and  rnlil'il?."^ 

Savantmlis  of  S.>.,il,  .  |„„  r-Vi'.— Wo  are  informed  hj  \U-^i 
that  during  the  periodical  swellings  of  the  large  rivers  in  Sou 
America  great  numbers  of  quadrupeds  are  annually  drowned.  I 
the  wild  horses,  for  example,  which  graze  in  immense  troops  in  t 
savannahs,  thousands  are  said  to  perish  when  tbe  river  Aporf, 
tributary  of  the  Orinoco,  is  swollen,  before  they  have  time  lo  r«a 
the  rising  ground  of  the  Llanos.     The  mares,  during  the  season 
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Ligh  water,  may  be  seen,  followed  hy  their  colts,  Bwimming  abont  and 
feeding  on  the  grass,  of  which  the  top  alone  waves  above  the  waters. 
In  this  state  the;  are  pursued  b^  crocodiles ;  and  their  thighs  fre- 
quently bear  the  prints  of  the  teeth  of  these  camiTorous  reptiles. 
"Such  is  the  pliability,"  observes  the  celebrated  traveller,  "of  the 
oi^anization  of  the  animals  which  man  has  subjected  to  his  sway, 
that  horses,  cows,  and  other  species  of  European  origin,  lead,  for  a 
time,  an  amphibious  life,  surrounded  by  crocodiles,  water-serpents, 
and  manatees.  When  the  rivers  return  again  into  their  beds,  they 
roam  in  the  savannah,  which  is  then  spread  over  with  a  fine  odori- 
ferous grass,  and  enjoy,  as  in  their  native  climate,  the  renewed  vege- 
tation of  spring."  * 

Floods  of  the  Parana. — The  great  number  of  animals  which  are 
drowned  in  seasons  of  drought  in  the  tributaries  of  the  Plata,  wu 
before  mentioned.  Sir  W.  Parish  states,  that  the  Parana  flowing 
from  the  mountains  of  Brazil  to  the  estuary  of  the  Plata,  is  liable  to 
great  floods,  and  during  one  of  these,  in  the  year  1812,  vast  quan- 
tities of  cattle  were  carried  away,  "  and  when  the  waters  began  to 
subside,  and  the  islands  which  they  had  covered  became  again  visibly 
the  whole  atmosphere  for  a  time  was  poisoned  by  the  effluvia  from 
the  innumerable  carcasses  of  skunks,  capybaras,  tigers,  and  other  wild 
beasts  which  had  been  drowned."! 

Floods  of  the  Ganges. — We  find  it  continually  stated,  by  those 
who  describe  the  Ganges  and  fiurrampooter,  that  these  rivers  carry 
before  them,  during  the  flood  season,  not  only  floats  of  reeds  and 
timber,  but  dead  bodies  of  men,  deer,  and  oxen.} 

In  Java,  1699. — I  have  already  referred  to  the  effects  of  a  flood 
which  attended  an  earthquake  in  Java  in  1699,  when  the  turbid 
waters  of  the  Batavian  river  destroyed  all  the  fish  except  the  carp ; 
and  when  drowned  buffaloes,  tigers,  rhinoceroses,  deer,  apes,  and 
other  wild  heasis,  were  brought  down  to  the  sea-coast  by  the  current, 
with  several  crocodiles  which  had  been  stifled  in  the  mud.  (See 
above,  p.  503.) 

On  the  western  side  of  the  same  island,  in  the  territory  of  Galon- 
goon,  in  the  Regencies,  a  more  recent  volcanic  eruption  (that  of 
1822,  before  described)  (see  above,  p.  431),  was  attended  by  a  flood, 
during  which  the  river  Tandoi  bore  down  hundreds  of  carcasses  of 
rhinoceroses  and  buffaloes,  and  swept  away  more  than  one  hundred 
men  and  women  from  a  multitude  assembled  on  its  banks  to  celebrate 
afestivaL  Whether  the  bodies  reached  the  sea,  or  were  deposited, 
with  drift  matter,  in  some  of  the  large  intervening  alluvial  plains,  we 
are  not  informed.^ 

Sumatra. — "  On  the  coast  of  Orissa,"  says  Heynes,  "  I  have  seen 
tigers  and  whole  herds  of  black  cattle  carried  along  by  what  are 
called  freshes,  and  trees  of  immense  size."  Q 


*  Hnmboldt'i    Fen.    Nor.,   toL    It.  §  This  sccoant  I  had  from  Hr.  Bum- 

p,  394.  haner,  Dircctor-Oeaeral  of  Knaacei  la 

t  Ba«noiATniuidIaFlala,]iLlB7.  Java. 

I  Hslte-Bma,  Geog.,  vol  iii  p.  tt.  |  TiacU  on  Iidia,  p.  397. 
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Mammiferous  remains  in  marine  strata* — As  the  bones  of  mam- 
malia are  often  so  abundantly  preserved  in  peat,  and  such  lakes  as 
Lave  just  been  described,  the  encroachments  of  a  sea  upon  a  coast 
may  sometimes  throw  down  the  imbedded  skeletons,  so  that  they  may 
be  carried  away  by  tides  and  currents,  and  entombed  in  submarine 
formations.  Some  of  the  smaller  quadrupeds,  also^  which  burrow  in 
the  ground,  as  well  as  reptiles  and  every  species  of  plant,  are  liable 
to  be  cast  down  into  the  waves  by  this  cause,  which  must  not  be 
overlooked,  although  probably  of  comparatively  small  importance 
amongst  the  numerous  agents  whereby  terrestrial  organic  remains 
are  included  in  submarine  strata. 

During  the  great  earthquake  of  Conception  in  1835,  some  cattle, 
which  were  standing  on  the  steep  sides  of  the  island  of  Quinquina, 
were  rolled  by  the  shock  into  the  sea,  while  on  a  low  island  at  the 
bead  of  the  Bay  of  Conception  seventy  animals  were  washed  off  by  a 
great  ware  and  drowned.* 


CHAPTER  XLVm. 
niBEDDma  of  thb  remains  of  man  and  bis  wobks  in 

SUBAQUEOUS   STRATA. 

Drifting  of  human  bodies  to  the  sea  by  riyer  inundations — Destmction  of  bridges 
and  houses — Loss  of  lives  by  shipwreck — How  human  corpses  may  be  pre- 
served in  recent  deposits — Number  of  wrecked  vessels — Fossil  skeletons  of 
men — Fossil  canoes,  ships,  and  works  of  art — Chemical  changes  which  metallic 
articles  have  undergone  after  long  submergence — Imbedding  of  cities  and  forests 
in  subaqueous  strata  bj  subsidence — Earthquake  of  Cutch  in  1819 — Buried 
Temples  of  Cashmere  —  Berkeley's  arguments  for  the  recent  date  of  the  creation 
of  man — Concluding  remarks. 

I  SHALL  now  proceed  to  inquire  in  what  manner  the  mortal  remains 
of  man  and  the  works  of  his  hands  may  be  permanently  preserved  in 
subaqueous  strata.  Of  the  many  hundred  million  human  beings 
which  perish  in  the  course  of  every  century  on  the  land,  every  vestige 
is  usually  destroyed  in  the  course  of  a  few  thousand  jrears;  but 
of  the  smaller  number  that  perish  in  the  waters,  a  certain  proportion 
must  be  entombed  under  circumstances  that  may  enable  parts  of  them 
to  endure  throughout  entire  geological  epochs. 

The  bodies  of  men,  together  with  those  of  the  inferior  animals,  are 
occasionally  washed  down  during  river  inundations  into  seas  and 
lakes.  (See  pp.  726 — 728.)  Belzoni  witnessed  a  flood  on  the  Nile  in 
September,  1818,  where^  although  the  river  rose  only  three  feet  and 
a  half  above  its  ordinary  level,  several  villages,  with  some  hundreds 
of  men,  women,  and  children,  were  swept  away.f    It  was  before 

*  Darwin's  Journal,  p.  372.  2d  ed.        f  Narrative  of  Discoyery  in  Egypt, 
1845,  p.  304.  &C.,  London,  1820, 
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mentioned  that  n  rise  of  six  feet  of  water  in  the  Gangn,  ii 
was  aiiended  witik  a  much  greater  logs  of  lives.  (S«e  above,  p.'. 

In  the  year  1771,  when  the  inundations  in  the  north  i>f  £ 
appear  to  have  equalled  the  floods  of  Morayshire  in  1U29,  t 
number  of  bouses  and  their  inhabitants  were  swept  >«in 
rivers  Tyne,  Ciin,  Wear,  Tees,  and  Gr^ ta ;  and  no  leu  than  ~ 
one  bridges  were  destroyed  in  the  courses  of  these  riv«rh 
villi^e  of  Byweli  the  flood  tore  the  dead  bodies  And  coffins  oM 
churchyard,  and  bore  them  away,  together  wiib  many  of  IM 
inhabitants.  During  the  same  tempest  an  immense  number  on 
horses,  and  sheep,  were  also  transported  to  tlie  sea,  while  tM 
coast  was  eovered  with  the  wreck  of  shtp».  Four  c«nlnrii|| 
(in  1338),  the  same  district  had  been  visited  by  a  Mmilar  cnolll 
of  heavy  rains  followed  by  disastrous  floods,  nntl  it  is  nut  iapfj 
that  these  eatastroplies  may  recur  periodically,  though  nAcrr  an< 
intervals.  As  the  population  increases,  and  buililings  and  briid| 
multiplied,  we  must  expect  the  loss  of  lives  and  property  to  sogi 

Fotnlization  of  human  boditt  in  the  bed  of  the  tea. If  i 

hundreds  of  human  bodies  committed  to  the  dc«p  in  (Im  i 
ordinary  burial  we  add  those  of  individuals  lost  by  ahipwnd 
ahull  And  that,  in  the  course  of  a  single  year,  a  great  now 
humnn  rcniiiins  are  consigned  to  the  subaqueons  region*.  I 
hereafier  advert  to  a  calculation  by  which  it  appears  that  more 
five  hundred  British  vessels  alone,  averaging  each  a  burthen  of. 
120  tons,  are  wrecked,  and  sink  to  the  bottom,  anatially.  Of 
the  crews  for  the  most  part  escape,  although  it  aometimes  ha| 
that  all  perish.  lu  one  great  naval  action  several  thoiuuid 
viduals  sometimes  thare  a  watery  grave. 

Many  of  these  corpses  are  instantly  devoured  by  predac«oa 
sometimes  before  they  reach  the  bottom  ;  still  more  freqtjenily 
they  rise  again  to  the  surface,  and  float  in  a  state  of  puttefa 
Many  decompose  on  the  floor  of  the  ocean,  where  no  sediaK 
thrown  down  upon  them  ;  but  if  tliey  full  upon  a  reef  where 
and  shells  are  becoming  agglutinated  into  a  solid  rock,  at  m 
where  the  delta  of  a  river  is  advancing,  they  may  bo  presem 
an  inciikulahle  series  of  ages, 

Often  Qt  the  distance  of  a  few  hundred  feet  from  a  coral 
where  wrecks  are  not  unfrequent,  there  are  no  eoun<lin<^  s 
depth  of  many  hundred  fathoma.  Canoes,  merchant  vesiels 
ships  of  war  may  hove  sunk  and  have  been  enveloped,  ia 
situations,  in  calcareous  sand  and  breccia,  detached  by  the  bn 
from  the  summit  of  a  submarine  mountain.  Should  a  td 
eruption  happen  to  cover  such  remains  with  ashes  and  svai, 
current  of  lava  be  afterwards  poured  over  ihejn,  tlie  ships  and  li 
skeletons  might  remain  uninjured  beneath  the  su  perineum  beat 
like  the  housejs  and  works  of  art  in  the  subterranean  cities  of 
pania.    Already  many  human  remains  may  have  been  thus  am 

•  Scow  Msg.,  vol.  isdii.,  1771, 
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beneath  formations  more  than  a  thousand  feet  in  thickness ;  for,  in 
some  Tolcanic  archipelagos,  a  period  of  thirty  or  fortj  centuries 
might  well  be  supposed  sufficient  for  such  an  accumulation.  It  was 
stated,  that  at  the  distance  of  about  fortj  miles  from  the  base  of  the 
delta  of  the  Granges,  there  is  an  elliptical  space  about  fifteen  miles  in 
diameter  where  soundings  of  from  100  to  300  fathoms  sometimes  fail 
to  reach  the  bottom.  (See  above,  p.  279.)  As  during  the  flood  season 
the  quantity  of  mud  and  sand  poured  by  the  great  rivers  into  the 
Bay  of  Bengal  is  so  great  that  the  sea  only  recovers  its  transparency 
at  the  distance  of  sixty  miles  from  the  coast,  this  depression  must  be 
gradually  shoaling,  especially  as  during  the  monsoons,  the  sea  loaded 
with  mud  and  sand,  is  beaten  back  in  that  direction  towards  the 
delta.  Now,  if  a  ship  or  human  body  sink  down  to  the  bottom  in 
such  a  spot,  it  is  by  no  means  improbable  that  it  may  become  buried 
under  a  depth  of  a  thousand  feet  of  sediment  in  the  same  number  of 
years. 

Even  on  that  part  of  the  floor  of  the  ocean  to  which  no  accession 
of  drift  matter  is  carried  (a  part  which  probably  constitutes,  at  any 
given  period,  by  far  the  larger  proportion  of  the  whole  submarine 
area),  there  are  circumstances  accompanying  a  wreck  which  favour 
the  conservation  of  skeletons.  For  when  the  vessel  fills  suddenly 
with  water,  especially  in  the  night,  many  persons  are  drowned  be- 
tween decks  and  in  their  cabins,  so  that  their  bodies  are  prevented 
from  rising  again  to  the  surface.  The  vessel  often  strikes  upon  an 
uneven  bottom,  and  is  overturned ;  in  which  case  the  ballast,  con- 
sisting of  sand,  shingle,  and  rock,  or  the  cargo,  frequently  composed 
of  heavy  and  durable  materials,  may  be  thrown  down  upon  the  car- 
casses. In  the  case  of  ships  of  war,  cannon,  shot,  and  other  warlike 
stores,  may  press  down  with  their  weight  the  timbers  of  the  vessel  as 
they  decay,  and  beneath  these  and  the  metallic  substances  the  bones 
of  man  may  be  preserved. 

Number  of  wrecked  vessels.  —  When  we  reflect  on  the  number  of 
curious  monuments  consigned  to  the  bed  of  the  ocean  in  the  course 
of  every  naval  war  from  the  earliest  times,  our  conceptions  are 
greatly  raised  respecting  the  multiplicity  of  lasting  memorials  which 
man  is  leaving  of  his  labours.  During  our  last  great  struggle  with 
France,  thirty-two  of  our  ships  of  the  line  went  to  the  bottom  in  the 
space  of  twenty-two  years,  besides  seven  50-gun  ships,  eighty-six 
frigates,  and  a  multitude  of  smaller  vessels.  The  navies  of  the 
other  European  powers,  France,  Holland,  Spain,  and  Denmark,  were 
almost  annihilated  during  the  same  period,  so  that  the  aggregate  of 
their  losses  must  have  many  times  exceeded  that  of  Great  Britain. 
In  every  one  of  these  ships  were  batteries  of  cannon  constructed  of 
iron  or  brass,  whereof  a  great  number  had  the  dates  and  places  of 
their  manufacture  inscribed  upon  them  in  letters  cast  in  metal. 
In  each  there  were  coins  of  copper,  silver,  and  often  many  of  gold, 
capable  of  serving  as  valuable  historical  monuments ;  in  each  were 
an  infinite  variety  of  instruments  of  the  arts  of  war  and  peace; 
many  formed  of  materials,  such  as  glass  and  earthenware,  capable 

so  2 
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of  lasting  for  indeSnite  agca  when  omMj 
action  of  the  wavea,  and  buried  undeid 
exduiJe  the  corroding  action  of  sea^ 
over,  of  timber  which  is  conveyed  froB 
sea  by  the  sinking  of  ships  of  a  tar^ 
computed  that  2000  tons  of  wood  are 
one  74-gun  ship;  and  reckoning  fifty 
the  acre,  it  would  require  forty  acrea  i 
these  vessels,* 

It  would  be  an  error  to  imagine  t 
conducive  thon  the  peaceful  apirit  of  I 
accutnulation  of  wrecked  vesKela  in  tfa 
examination  of  Lloyd's  lists,  from  the 
ment  of  1829,  Copt.  W.  H.  Smyth  aac 
Britiik  vessel*  alone  lost  during  that  pc 
to  no  lc53  than  one  and  a  half  daily;  m 
hardly  have  been  anticipated,  although  i 
that  the  number  of  merchant  vessels  e 
navigation  of  England  and  Scotland^ 
thousand,  having  one  with  another  m'\ 
My  friend,  Mr.  J.  L.  Prevosi,  also  ill 
Lloyd's  lirt  for  the  years  1829,  1830. 
l^ss  than  1953  vessels  were  lost  in  thos 
tonnage  being  about  150  tons,  or  in  all 
the  enormous  rate  of  100,000  tons  anni 
of  one  nation  only.  This  increased  1 
increasing  activity  in  commerce. 

Out  of  551  ships  of  the  royal  navy  It 
period  nbove  mentioned,  only  160  wer 
enemy,  the  rest  having  either  stranded 
burnt  by  accident;  a  striking  proof  th 
warfare,  however  great,  may  be  far  exce 
the  lec-shore,  and  all  the  other  perils  of 

FhiraUe  nature  of  many  of  their  c 
dollars  and  other  coins  have  been  sam< 
ship,  and  on  these,  when  they  happen 
capable  of  protecting  them  from  chemici 
of  historical  interest  will  remain  inscriln 
inJelinite  as  have  the  delicate  marking 
ptunts  in  some  of  the  ancient  secondary! 
sliip,  moreover,  there  are  some  precious 
iirticles  of  use  and  ornament  composed 
nnlure,  on  which  letters  and  various  ims 
which  they  may  retain  when  included  in 
a  crystal  preserves  its  natural  form. 


•  Quart.  Joum.  of  Agriculu,  No.  ix.    vignti 

p.  433.  t  I 
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It  was,  therefore,  a  splendid  boast,  that  the  deeds  of  the  English 
chivalrj  at  Agincourt  made  Henry's  chronicle 

as  rich  with  praiM 

As  is  the  ooze  and  bottom  of  the  deep 
With  sunken  wreck  and  somless  treasories  ; 

for  it  is  probable  that  a  greater  number  of  monuments  of  the  skill  and 
industry  of  man  will,  in  the  course  of  ages,  be  collected  together  in 
the  bed  of  the  ocean,  than  will  exist  at  any  one  time  on  the  surface 
of  the  continents. 

If  our  species  be  of  as  recent  a  date  as  is  generally  supposed,  it 
-will  be  vain  to  seek  for  the  remains  of  man  and  the  works  of  his 
hands  imbedded  in  submarine  strata,  except  in  those  regions  where 
violent  earthquakes  are  frequent,  and  the  alterations  of  relative  level 
80  great,  that  the  bed  of  the  sea  may  have  been  converted  into  land 
within  the  historical  era.  We  need  not  despair,  however,  of  the  dis- 
covery of  such  monuments,  when  those  regions  which  have  been 
peopled  by  man  from  the  earliest  ages,  and  which  are  at  the  same  time 
the  principal  theatres  of  volcanic  action,  shall  be  examined  by  the  joint 
skill  of  the  antiquary  and  geologist. 

Power  of  human  remains  to  resist  decay. — There  can  be  no  doubt 
that  human  remains  are  as  capable  of  resisting  decay  as  are  the 
harder  parts  of  the  inferior  animals ;  and  I  have  already  cited  the 
remark  of  Cuvier,  that  ^'  in  ancient  fields  of  battle  the  bones  of  men 
have  suffered  as  little  decomposition  as  those  of  horses  which  were 
huried  in  the  same  grave."  (See  above  p.  147.)  In  the  delta  of  the 
Ganges  bones  of  men  have  been  found  in  digging  a  well  at  the  depth 
of  ninety  feet*  ;  but  as  that  river  frequently  shifts  its  course  and  fills 
up  its  ancient  channels,  we  are  not  called  upon  to  suppose  that  these 
bodies  are  of  extremely  high  antiquity,  or  that  they  were  buried  when 
that  part  of  the  surrounding  delta  where  they  occur  was  first  gained 
from  the  sea. 

Fossil  skeletons  o/*  men. —r  Several  skeletons  of  men,  more  or  less 
mutilated,  have  been  found  in  the  West  Indies,  on  the  north-west 
coast  of  the  main  land  of  Guadaloupe,  in  a  kind  of  rock  which  is 
known  to  be  forming  daily,  and  which  consists  of  minute  fragments 
of  shells  and  corals,  incrusted  with  a  calcareous  cement  resembling 
travertin,  by  which  also  the  different  grains  are  bound  together. 
The  lens  shows  that  some  of  the  fragments  of  coral  composing  this 
stone  still  retain  the  same  red  colour  which  is  seen  in  the  reefs  of 
living  coral  which  surround  the  island.  The  shells  belong  to  species 
of  the  neighbouring  sea  intermixed  with  some  terrestrial  kinds  which 
now  live  on  the  island,  and  among  them  is  the  Bulimus  Gnadaloup' 
ensis  of  F^russac.  The  human  skeletons  still  retain  some  of  their 
animal  matter,  and  all  their  phosphate  of  lime.  One  of  them,  of 
which  the  head  is  wanting,  may  now  be  seen  in  the  British  Museum, 
and  another  in  the  Royal  Cabinet  at  Paris.    According  to  M.  Eonig, 

•  Von  Hoff,  ToL  i  p.  579. 
Sc  3 
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At  the  mouth  of  a  river  in  Nova  Scotia,  ft  schooner  of  thirty-two 
tone,  l&den  nith  live  stock,  was  lying  with  her  aide  to  the  tide,  nbea 
the  bore,  or  tidal  wave,  which  rises  there  about  ten  feet  in  perpen- 
dicular height,  ruahed  into  the  estnar;,  and  overturned  the  vessel,  bo 
that  it  inatantlf  disappeared.  After  the  tide  had  ebbed,  the  schooner 
was  go  totally  buried  in  the  sand,  that  the  taffrel  or  tipper  rail  over 
the  stem  was  alone  visible.*  We  are  informed  bj  Leigh  that,  on 
draining  Martin  Meer,  a  lake  eighteen  miles  in  circumference,  in 
Lancaahire,  a  bed  of  marl  was  laid  dry,  wherein  no  fewer  than  eight 
canoes  were  found  imbedded.  In  figure  and  dimensions  they  were 
not  unlike  those  now  used  in  America.  In  a  morasa  about  nine 
miles  distant  from  this  Meer  a  whetstone  and  an  axe  of  mixed  metal 
were  dug  op.f  Jn  Ayrshire,  also,  three  canoea  were  found  in  Loch 
Doon  some  few  yeara  ago;  and  during  the  year  1831  four  others, 
each  hewn  out  of  aeparate  oak  trees.  They  were  twentythree  feet 
in  length,  two  and  a  half  in  depth,  and  nearly  four  feet  in  breadth  at 
the  stern.  In  the  mud  which  filled  one  of  them  was  found  a  war- 
club  of  oak  and  a  stone  battle-axe.  A  canoe  of  oak  waa  also  found 
in  1820,  in  peat  overlying  the  shell-marl  of  the  Loch  of  Einnordy  in 
Forfarshire  X 

Manner  in  which  shipi  mag  be  preserved  in  a  deep  tea.  —  It  is 
extremely  possible  that  the  submerged  woodwork  of  ships  which 
have  sunk  where  the  sea  is  two  or  three  miles  deep  has  undergone 
greater  chemical  changes  in  an  equal  space  of  time,  than  in  the  cases 
above  mentioned ;  for  the  experiments  of  Scoresby  show  that  wood 
may  at  certain  depths  be  impregnated  in  a  single  hour  with  salt 
water,  so  that  its  specific  gravity  is  entirely  altered.  It  may  often 
happen  that  hot  springs  charged  with  carbonate  of  lime,  siles,  and 
other  mineral  ingredients,  may  issue  at  great  depths,  in  which  case 
every  pore  of  the  vegetable  tissue  may  be  injected  with  the  lapidify- 
ing liquid,  whether  calcareous  or  siliceous,  before  the  smallest  decay 
commences.  The  conversion,  also^  of  wood  into  lignite  is  probably 
more  rapid  under  enormous  pressure.  But  the  change  of  the  timber 
into  lignite  or  coal  would  not  prevent  the  original  form  of  a  ship 
from  being  distinguished ;  for  as  we  find,  in  strata  of  the  car- 
boniferous  era,  the  bark  of  the  hollow  reed-like  trees  converted  into 
coal,  and  the  central  cavity  filled  with  sandstone,  so  might  we  trace 
the  outline  of  a  ship  in  coal ;  while  in  the  indurated  mud,  sandstone, 
or  limestone,  filling  the  interior,  we  might  discover  instruments  of 
human  art,  ballast  consisting  of  rocks  foreign  to  the  rest  of  the  stratum, 
and  other  contents  of  the  ship. 

Submerged  metallic  tubalancet.  —  Many  of  the  metallic  substances 
which  fall  into  the  waters  probably  lose,  in  the  course  of  ages,  the 
forms  artificially  imparted  to  them  ;  but  under  certain  circumstances 
these  may  be  preserved  for  indefinite  periods.  The  cannon  inclosed 
in  a  calcareous  rock,  dravn  up  from  the  delta  of  the  Rhone,  which  is 

*  Silliman'a  GcoL  Lectures,  p.  78.,  t  GeoL  Tnuu.,  second  serici,  vtd.  iL 
whn  cites  Fenn.  p.  87. 

f  Leigh's IaucmMtc, p.  I7.a.i>.  1700. 


Ch.  XLVIIL]  SUBSIDENCE  OF  LAND.  761 

carbonate  of  lime.  The  surface  generallj,  both  under  the  incrusta- 
tion, and  where  freed  from  it,  was  of  a  variegated  colour,  mottled 
inrith  spots  of  green,  dirtj  white,  and  red.  On  minute  inspection 
with  a  lens,  the  green  and  red  patches  proved  to  consist  of  crystals 
of  the  red  oxide  and  carbonate  of  copper,  and  the  dirtj  white  chiefly 
of  oxide  of  tin. 

The  mineralizing  process,  says  Dr.  Davy,  which  has  produced 
these  new  combinations,  has,  in  general,  penetrated  very  little  into 
the  substance  of  the  helmet.  The  incrustation  and  rust  removed, 
the  metal  is  found  bright  beneath;  in  some  places  considerably 
corroded,  in  others  very  slightly.  It  proves,  on  analysis,  to  be 
copper,  alloyed  with  18*5  per  cent,  of  tin.  Its  colour  is  that  of  our 
common  brass,  and  it  possesses  a  considerable  degree  of  flexibility. 

**  It  is  a  curious  question,**  he  adds,  "  how  the  crystals  were  formed 
in  the  helmet,  and  on  the  adhering  calcareous  deposit.  There  being 
no  reason  to  suppose  deposition  from  solution,  are  we  not  under  the 
necessity  of  inferring,  that  the  mineralizing  process  depends  on  a 
small  motion  and  separation  of  the  particles  of  the  original  compound  ? 
This  motion  may  have  been  due  to  the  operation  of  electro-chemical 
powers  which  may  have  separated  the  different  metals  of  the  alloy.* 


Effects  of  the  Subsidence  of  Landy  in  imbedding  Cities  and  Forests 

in  subaqueous  Strata. 

We  have  hitherto  considered  the  transportation  of  plants  and 
animals  from  the  land  by  aqueous  agents,  and  their  inhumation  in 
lacustrine  or  submarine  deposits,  and  we  may  now  inquire  what 
tendency  the  subsidence  of  tracts  of  land  may  have  to  produce 
analogous  effects.  Several  examples  of  the  sinking  down  of  buildings, 
and  portions  of  towns  near  the  shore,  to  various  depths  beneath  the 
level  of  the  sea  during  subterranean  movements,  were  before  enume- 
rated in  treating  of  the  changes  brought  about  by  inorganic  causes. 
The  events  allaided  to  were  comprised  within  a  brief  portion  of  the 
historical  period,  and  confined  to  a  small  number  of  the  regions  of 
active  volcanos.  Yet  these  authentic  facts,  relating  merely  to  the 
last  century  and  a  half,  gave  indications  of  considerable  changes  in 
the  physical  geography  of  the  globe,  and  we  are  not  to  suppose  that 
these  were  the  only  spots  throughout  the  surrounding  land  and  sea 
which  suffered  similar  depressions. 

If,  during  the  short  period  since  South  America  has  been  colonized 
by  Europeans,  we  have  proof  of  alterations  of  level  at  the  three 
principal  ports  on  the  western  shores,  Callao,  Valparaiso,  and  Con- 
ception*, we  cannot  for  a  moment  suspect  that  these  cities,  so  distant 
from  each  other,  have  been  selected  as  the  peculiar  points  where 
the  desolating  power  of  the  earthquake  has  expended  its  chief  fury. 
On  considering  how  small  b  the  area  occupied  by  the  seaports  of 

*  FhH  Traiu.,  1826,  part  il  p.  55.        ^  Bee  aboTe,  pp.  453.  457.  499.  501. 
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to  view.  They  contain  freshwater  shells,  of  the  genera  Ljmneus, 
Paludina,  and  Cyrena,  with  land  shells,  all  of  recent  species,  and  are 
precisely  such  deposits  as  would  be  formed  if  the  whole  valley  were 
now  converted  into  a  great  lake,  and  if  the  numerous  rivers  and  tor« 
rents  descending  from  the  surrounding  mountains  were  allowed  suffi- 
cient time  to  fill  up  the  lake-basin  with  fine  sediment  and  gravel. 
Fragments  of  pottery  met  with  at  the  depth  of  40  and  50  feet  in  this 
lacustrine  formation  show  that  the  upper  part  of  it  at  least  has  ac- 
cumulated within  the  human  epoch. 

Dr.  Thomas  Thomson,  who  visited  Cashmere  in  1848,  observes  that 
several  of  the  lakes  which  still  exist  in  the  great  valley,  such  as  that 
near  the  town  of  Cashmere,  five  miles  in  diameter,  and  some  others, 
are  deeper  than  the  adjoining  river-channels,  and  may  have  been 
formed  by  subsidence  during  the  numerous  earthquakes  which  have 
convulsed  that  region  in  the  course  of  the  last  2000  years.  It  is  also 
probable  that  the  freshwater  strata  seen  to  extend  far  and  wide  over 
the  whole  of  Cashmere  originated  not  in  one  continuous  sheet  of  water 
once  occupying  the  entire  valley,  but  in  many  lakes  of  limited  area, 
formed  and  filled  in  succession.  Among  other  proofs  of  such  lake- 
basins  of  moderate  dimensions  having  once  existed  and  having  been 
converted  into  land  at  different  periods  Dr. Thomson  mentions  that  the 
ruins  of  Avantipura,  not  far  from  the  modem  village  of  that  name, 
stand  on  an  older  freshwater  deposit  at  the  base  of  the  mountains, 
and  terminate  abruptly  towards  the  plain  in  a  straight  line,  such 
as  admits  of  no  other  explanation  than  by  supposing  that  the  advance 
of  the  town  in  that  direction  was  arrested  by  a  lake,  now  drained  or 
represented  only  by  a  marsh.  In  that  neighbourhood,  as  very  gene- 
rally throughout  Cashmere,  the  rivers  run  in  channels  or  alluvial  fiats, 
bounded  by  cliffs  of  lacustrine  strata,  horizontally  stratified,  and  these 
strata  form  low  table-lands  from  20  to  60  feet  high  between  the  dif- 
ferent watercourses.  On  a  table-land  of  this  kind  near  Avantipura, 
portions  of  two  buried  temples  are  seen,  which  have  been  partially 
explored  by  Major  Cunningham,  who,  in  1847,  discovered  that  in  one 
of  the  buildings  a  magnificent  colonnade  of  seventy-four  pillars  is 
preserved  underground.  He  exposed  to  view  three  of  the  pillars  in 
a  cavity  still  open.  All  the  architectural  decorations  below  the  level 
of  the  soil  are  as  perfect  and  fresh-looking  as  when  first  executed. 
The  spacious  quadrangle  must  have  been  silted  up  gradually  at  first, 
for  some  unsightly  alterations,  not  in  accordance  with  the  general  plan 
and  style  of  architecture,  were  detected,  evidently  of  subsequent  date, 
and  such  as  could  only  have  been  required  when  the  water  and  sedi- 
ment had  already  gained  a  certain  height  in  the  interior  of  the  temple* 

This  edifice  is  supposed  to  have  been  erected  about  the  year  850  of 
oar  era,  and  was  certainly  submerged  before  the  year  1416,  when  the 
Mahomedan  king,  Sikandar,  caUed  Butshikan  or  the  idol-breaker, 
destroyed  all  the  images  of  Hindoo  temples  in  Cashmere.  Ferishta 
the  historian  particularly  alludes  to  Sikandar  having  demolished  every 
Caslimerian  temple  save  one,  dedicated  to  Mahad^va,  which  escaped 
^in  oofuequence  of  its  foundations  being  below  the  neighbouring 
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aqueous,  to  remodel  more  than  once  the  entire  crust  of  the  earth. 
One  complete  revolution  will  be  inadequate  to  efface  every  monument 
of  our  existence ;  for  manj  works  of  art  might  enter  again  and 
again  into  the  formations  of  successive  eras,  and  escape  obliteration 
even  though  the  very  rocks  in  which  they  had  been  for  ages  imbedded 
were  destroyed,  just  as  pebbles  included  in  the  conglomerates  of  one 
epoch  often  contain  the  organized  remains  of  beings  which  flourished 
during  a  prior  era.  * 

Yet  it  is  no  less  true,  as  a  late  distinguished  philosopher  has  de« 
Glared,  *'  that  none  of  the  works  of  a  mortal  being  can  be  eternal.*** 
They  are  in  the  first  place  wrested  from  the  hands  of  man,  and  lost 
as  far  as  regards  their  subserviency  to  his  use,  by  the  instrumentality 
of  those  very  causes  which  place  them  in  situations  where  they  are 
enabled  to  endure  for  indefinite  periods.  And  even  when  they  have 
been  included  in  rocky  strata,  when  they  have  been  made  to  enter  as 
it  were  into  the  solid  framework  of  the  globe  itself,  they  must  never- 
theless eventually  perish ;  for  every  year  some  portion  of  the  earth's 
crust  is  shattered  by  earthquakes,  or  melted  by  volcanic  fire,  or 
(pround  to  dust  by  the  moving  waters  on  the  surface.  **  The  river  of 
Liethe,"  as  Bacon  eloquently  remarks,  runneth  as  well  above  ground 
as  below.*'! 


CHAPTER  XLIX. 

IMBEDDING   OF  AQUATIC   SPECIES  IN  SUBAQUEOUS  STRATA. 

lohnmation  of  freshwater  plants  and  animals — Shell  marl — Fossilized  seed- 
vessels  and  stems  of  chara — Recent  deposits  in  American  lakes — Freshwater 
species  drifted  into  seifs  and  estuaries — Lewes  levels — Alternations  of  marine 
and  freshwater  strata,  how  caused — Imbedding  of  marine  plants  and  animals — 
Cetacea  stranded  on  our  shores — Littoral  and  estuary  Testacea  swept  into  the 
deep  sea — Burrowing  shells — Living  Testacea  found  at  considerable  depths — 
Blending  of  organic  remainB  of  different  ages. 

Hating  treated  of  the  imbedding  of  terrestrial  plants  and  animals, 
and  of  human  remains,  in  deposits  now  forming  beneath  the  waters, 
I  come  next  to  consider  in  what  manner  aquatic  species  maj  be 
entombed  in  strata  formed  in  their  own  element. 

Freshwater  plants  and  animaU, — The  remains  of  species  belonging 
to  those  genera  of  the  animal  and  vegetable  kingdoms  which  are 
more  or  less  exclusively  confined  to  fresh  water  are  for  the  most 
part  preserved  in  the  beds  of  lakes  or  estuaries,  but  they  are  often- 
times swept  down  by  rivers  into  the  sea,  and  there  intermingled 
with  the  exuvisB  of  marine  races.     The  phenomena  attending  their 

•  Davy,    Contolatioiis    in    Travel,       f  ^Ss^ay  on  the  Vicissitude  of  Things. 
f7ft. 
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composed  of  five  spiral  valves,  of  a  quadrangular  form  (;).  Id 
Chara  hupida,  which  abouads  in  the  lakes  of  Forfarshire,  wid 
which  has  become  fossil  in  the  Balue  Loch,  each  of  the  spiral  valves 
of  the  seed-vessel  turns  rather  more  than  twice  round  the  circum- 
ference, the  whole  blether  miUiing  between  ten  and  eleven  rings. 
The  number  of  these  rings  diffErs  greatly  in  diSerent  species,  but  in 
the  same  appears  to  be  verjr  constant. 

The  stems  of  Chane  occur  fossil  in  the  Scotch  marl  in  great 
abundance.  In  some  species,  as  in  Chara  hitpida,  the  plant  when 
living  contains  bo  much  carbonate  of  lime  in  its  vegetable  organi- 
zation, iDdependently  of  calcareous  incrustation,  that  it  effervesces 
strongly  with  acida  when  dry.  The  stems  of  Chara  hupida  are 
longitudinally  striated,  with  a  tendency  to  be  spiral.  These  strife,  as 
appears  to  be  the  case  with  all  Charse,  turn  always  tilce  the  worm  of  a 
screw  from  right  to  left,  while  those  of  the  seed-vessel  wind  round  in 
a  contrary  direction.  A  cross  section  of  the  stem  exhibits  a  curious 
structure,  for  it  is  composed  of  a  large  tube  surrounded  by  smaller 
tubes  (fig.  103.,  b,  e)  as  is  seen  in  some  extinct  as  well  as  recent 
species.  In  the  stems  of  several  species^  however,  there  is  only  a 
single  tube.* 


The  valves  of  a  small  animal  called  cypris  (  C.  omataf  Lam.)  occur 
completely  foseilized,  tike  the  stems  of  Chane,  in  the  Scotch  travertin 
above  mentioned.  The  same  cypria  inhabits  the  lakes  and  ponds  of 
England,  where,  together  with  many  other  species,  it  is  not  un- 
common. Although  extremely  minute,  they  are  visible  to  the  naked 
*  Oii7reihwat«rUarI,&c.   BjCI^tS.  QeoLI^aiii.,voLii.,secandseriM,p.  73. 
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:he  vegetable  soil,  ib  a  bed  of  peat  abont  five  feet  thick,  inclosing 
many  tmoka  of  trees.  Next  below  ui  a  stratnni  of  blue  clajr  coatain- 
ing  freshwater  shells  of  about  nine  species,  snch  aa  now  inhabit  the 
listrict.  Intermixed  with  these  was  obserred  the  skeleton  of  a  deer. 
Lower  down,  the  layers  of  blue  clay  contain,  with  the  above-menlioned 
freshwater  shells,  several  marine  species  well  known  on  oar  coast. 
[n  the  lowest  beds,  often  at  the  depth  of  thirty-six  feet,  these  marine 
Pestacea  occur  without  the  slightest  intermixture  of  fluTiatile  species, 
Uid  amongst  them  the  skull  of  the  narwal,  or  sea  unicorn  (^Monodon 
monocerot),  has  been  detected.  Underneath  all  these  deposits  is  a 
bed  of  pipe-claj,  derived  from  the  subjacent  chalk.* 

If  we  had  no  historical  information  respecting  the  former  existence 
3f  an  inlet  of  the  sea  in  this  valley  and  of  its  gradual  obliteration,  the 
inspection  of  the  section  above  described  would  sliow,  as  clearly  as  a 
written  chronicle,  the  following  sequence  of  events.  First,  there 
was  a  salt-water  efltnary  peopled  fo»  many  years  by  species  of  marine 
Teslacea  identical  with  those  now  living,  and  into  which  some  of 
the  larger  Cetacea  occasionally  entered.  Secondly,  the  inlet  grew 
shallower,  and  the  water  became  brackish,  or  alternately  salt  and 
freafa,  so  that  the  remains  of  freshwater  and  marine  shells  were 
mingled  in  the  blue  argillaceous  sediment  of  its  bottom.  Thirdly 
the  shoaling  continued  until  the  river-water  prevailed,  so  that  it  was 
no  longer  habitable  by  marine  Testacea,  but  fitted  only  for  the  abode 
i>f  fluviatile  species  and  aquatic  insects.  Fourthly,  a  peaty  swamp 
or  morass  was  formed,  where  some  trees  grew,  or  perhaps  were 
drifted  during  floods,  and  where  terrestrial  quadrupeds  were  mired. 
Finally,  the  soil  being  flooded  by  the  river  only  at  distant  intervals, 
became  a  verdant  meadow. 

In  delta  of  Gangri  and  Inda*.  —  It  was  before  stated,  that  on 
the  sea-coast,  in  the  delta  of  the  Ganges,  there  are  eight  great 
openings,  each  of  which  has  evidently,  at  some  ancient  period,  served 
is  its  turn  as  the  principal  channel  of  discharge.!  ^  ^^^  ^^^  ^^ 
the  delta  is  200  miles  in  length,  it  must  happen  that,  as  often  as  ths 
great  volume  of  river-water  is  thrown  into  the  sea  by  a  new  mouth,  the 
tea  will  at  one  point  be  converted  from  salt  to  fresh,  and  at  another 
from  fresh  to  salt ;  for,  with  the  exception  of  those  parta  where  the 
principal  discharge  takes  place,  the  salt  water  not  only  washes  the 
base  of  the  delta,  but  enters  far  into  every  creek  and  lagoon.  It  is 
evident,  then,  that  repeated  alternations  of  beds  containing  fresh- 
■vater  shells,  with  others  flUed  with  marine  exuvies,  may  hero  be 
brmed.  It  has  also  been  shown  by  artesian  borings  at  Calcutta  (see 
■bove,  p.  267.),  that  the  delta  once  extended  mach  farther  than 
now  into  the  gulf,  and  that  the  river  is  only  recovering  from  the 
•ea  the  ground  which  had  been  lost  by  subsidence  at  some  former 
period.  Analogous  phenomena  mast  sometimes  be  occasioned  by 
(Och  alternate  elevation  and  depression  as  has  occurred  in  modern 
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narmtl  (Mbnodon  momoeerot)  wu  found  on  the  beach  ncKr  Boston  in 
liiocobiBbire,  in  the  year  1800,  the  whole  of  its  body  buried  in  the 
mod.  A  dshermui  going  to  his  boat  bkv  the  horn,  sad  tried  to  pull 
it  ont,  when  the  naiinal  began  to  stir  itself.*  An  individual  of  tha 
common  whale  (^Balana  mffiticelu$\  which  measured  seventj  feet, 
came  ashore  near  Peterhead,  in  1682.  Manj  individuals  of  the  genus 
Balanoptera  have  met  the  same  fate.  It  will  he  suBicieDt  to  refer  to 
those  cast  on  shore  near  Burnt  Island,  and  at  Alloft,  recorded  by 
Sibbald  and  HeilL  The  other  individual  mentioned  by  Sibbald,  as 
having  come  ashore  at  Bojne,  in  Banffshire,  wss  pntbablj  s  razor- 
back.  Of  the  genus  Catodos  (CacAobf),  Ray  mentions  a  large  one 
stranded  on  the  west  coast  of  Holland  in  1598,  and  the  fact  is  also 
commemorated  in  a  Dnteh  flngraving  of  the  time  of  mach  merit. 
Sibbald,  too,  records  that  ■  herd  of  Cachalot^  upwardd  of  100  in 
number,  were  found  strasded  at  Oairston,  in  Orkney.  The  dead 
bodies  of  the  larger  Cetacea  are  sometiiBea  found  floating  on  the 
surface  of  the  waters,  as  was  the  case  with  the  immense  whale 
exhibited  in  London  in  1831.  And  the  carcase  of  a  sea-cow  or 
liamantine  {HaiUora)  was,  in  1785,  cast  aahore  near  Leith. 

To  some  accident  of  this  kind  ws  may  refer  the  position  of  the 
skeleton  of  ft  whale,  seventy-three  feet  long,  which  was  found  at 
Airthrey,  on  the  Forth,  near  Stirling,  imbedded  in  clay  twenty  feet 
higher  than  the  rarface  of  the  highest  tide  of  the  river  Forth  at  the 
present  day.  From  the  situation  of  the  Boman  station  and  causeways 
ftt  a  small  distance  from  the  spot,  it  is  concluded  that  the  wh^ 
mast  have  been  stranded  there  at  a  period  prior  to  the  Christiao 
era-t 

Other  fossil  remains  of  this  class  have  also  been  found  in  estuaries, 
known  to  have  been  silted  up  in  recent  times,  one  example  of  which 
has  been  already  mentioned  near  Lewes,  in  Susses. 

Marine  reptiht. -— Some  singular  foesils  have  lately  been  dis- 
covered in  the  Island  of  Ascension  in  a  stone 
said  to  he  continually  forming  on  the  beach, 
where  the  waves  throw  up  small  rounded 
fragments  of  shells  and  corals,  which,  in  the 
I  course  of  Ume,  become  firmly  agglutinated 
blether,  and  constitute  a  stoae  us«l  largely 
for  building  and  making  lime.  In  a  quarry  on 
the  N.  W.  side  of  the  island,  about  100  yards 
from  the  sea,  some  fossil  eggs  of  turtles  have 
V  a  of  1  Tti  fr  tk  ^'^^  discovered  in  the  hard  rock  thus  formed. 
***  uiand  of  AKtodon-t  The  eggs  must  have  been  nearly  hatched  at 
the  time  when  they  perished ;  for  the  bones  of  the  young  turtle  are 
B«en  in  the  interior,  with  thwr  shape  fully  developed,  the  interstices 


*  Fleming's  Brit.  Animals,  p.  37-;  in        \  This  ipedmen  hu  been  presented 
which  work  other  cties  an  eDuinenled.     1^  ^-  Txnudale  ID  the  Qeulotpad  So- 

t  Qaart.    Jonm.  of   lit  ScL,  Itc,    ae^  of  Z^ondoa. 
2To.xt.  p.l7i.    0CL1SI9. 
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and  BOmetimes  brackish  water,  which  may  have  been  accumulating 
for  centuries,  until  at  length  thej'  are  carried  awaj  and  spread  out 
■long  the  bottom  of  the  sea,  at  a  depth  at  which  they  could  not  have 
lived  and  multiplied-  Thus  littoral  and  estuary  shells  are  more  fre- 
quentlj'  liable  even  than  freshwater  species,  to  be  intermixed  with. 
the  exuvis  of  pelagic  tribes. 

After  the  storm  of  February  4.  1831,  when  several  vessels  were 
wrecked  in  the  estuary  of  the  Forth,  the  current  waa  directed  against 
a  bed  of  oysters  with  such  force,  that  great  heaps  of  them  were  thrown 
o/i'm  upon  the  beach,  and  remained  aboTe  high-water  mark.  I  col- 
lected many  of  these  oysters,  u  also  the  common  eatable  whelks 
^Buecifia),  thrown  np  with  them,  and  observed  that,  although  still 
living,  their  shells  were  worn  by  the  long  attrition  of  sand  which  had 
passed  over  them  as  they  lay  in  their  native  bed,  and  which  had 
Bvidently  not  resulted  from  the  mere  action  of  the  tempest  by  which 
tbey  were  cast  ashore. 

From  these  facts  we  learn  that  the  union  of  the  two  parts  of  a 
iHvalve  shell  does  not  prove  that  it  has  not  been  transported  to  a  die* 
Muce ;  and  when  we  find  shells  worn,  and  with  all  their  prominent 
Mtrts  rubbed  ofl^  they  may  still  have  been  imbedded  whore  they 
jrew. 

Burrowing  thellt.— It  sometimes  appears  extraordinaiy,  when  we 
dnerve  the  violence  of  the  breakers  od  our  coast,  and  see  the  strength 
>f  the  current  in  removing  cliSa,  and  sweeping  out  new  channel^ 
hat  many  tender  and  fragile  shells  should  inhabit  the  sea  in  the 
mmediate  vicinity  of  this  turmoil.  But  a  great  number  of  the  bivalve 
Testacea,  and  many  also  of  the  turbinated  univalves,  burrow  in  sand 
r  mnd.  The  Solen  and  the  Cordium,  for  example,  which  are  usually 
Dund  in  shallow  water  near  the  shore,  pierce  through  a  soft  bottom 
rithout  injury  to  their  shells  i  and  the  Pholos  can  drill  a  cavity 
brough  mud  of  considerable  hardness.  The  species  of  these  and 
ouiy  other  tribes  can  sink,  when  alarmed,  with  considerable  rapidity, 
ften  to  the  depth  of  several  feet,  and  can  also  penetrate  upwards 
gain  to  the  surface,  if  a  mass  of  matter  be  heaped  upon  them.  The 
inrricane,  therefore,  may  expend  its  fury  in  vain,  and  may  sweep 
way  even  the  upper  part  of  banks  of  Eaud  or  mud,  or  may  roll 
■ebbles  over  them,  and  yet  these  Testacea  may  remain  below  secure 
Bd  uninjured. 

Shells  become  foml  at  eonnderable  depths. — I  have  already  stated 
kat,  at  the  depth  of  950  fathoms,  between  Gibraltar  and  Ceuta, 
?^>tain  Smith  found  a  gravelly  bottom,  with  fragments  of  broken 
bdls,  carried  thither  probably  from  the  comparatively  shallow  parts 
t  the  neighbouring  straits,  through  which  a  powerful  current  flows, 
lede  of  shelly  sand  might  here,  in  the  course  of  ages,  be  accumulated 
•veral  thousand  feet  thick.  But,  without  the  aid  of  the  drifting 
Knrer  of  a  current,  shells  may  accumulate  in  the  spot  where  they 
Itb  and  die,  at  great  depths  from  the  surface,  if  sediment  be  thrown 
bwn  upon  them ;  for  even  in  our  own  colder  latitudes,  the  depths  at 
rbich  living  marine  animals  abound  is  very  considerablfe.    C.«!g\sci& 
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aapplied  by  rivers  draining  i,  contiuent,  or  currents  preying  on  a  line 
of  cUffa,  in  order  that  stratified  formations,  hundreds  of  feet  in  thick- 
ness, and  replete  with  organic  remains,  should  result  in  the  course 
of  ages. 

But  although  some  deposits  may  thus  extend  continuously  for  s 
thousand  miles  or  more  near  certain  coasts,  the  greater  part  of  the 
bed  of  the  ocean,  remote  from  continents  and  islands,  may  very 
probably  receive,  at  tlie  same  time,  no  new  accessions  of  drift  matter, 
all  sediment  being  intercepted  by  intervening  hollows,  in  which  & 
mariDe  current  must  clear  its  waters  as  thoroughly  as  a  turbid  river 
in  a  lake.  Erroneous  theories  in  geology  may  be  formed  not  only 
from  overlooking  the  great  extent  of  simalltmeous  deposits  now  in 
progress,  but  also  from  the  assumption  that  such  formations  may  be 
nniversal  or  coextensive  with  the  bed  of  the  ocean. 

We  frequently  observe,  on  the  sea  beaeh,  very  perfect  specimens  of 
fossil  shells,  quite  detached  from  their  matrix,  which  have  been 
washed  out  of  older  formations,  constituting  the  sea-clifis.  They 
may  be  all  of  extinct  species,  like  the  Eocene  freshwater  and  marine 
shdle  strewed  over  the  shores  of  Hampshire,  yet  when  they  become 
mingled  with  the  shells  of  the  present  period,  and  buried  in  the  same 
deposits  of  mud  and  sand,  they  would  appear,  if  upraised  and  ex- 
amined by  future  geologists,  to  have  been  ail  of  the  same  age.  That 
auch  intermixture  and  blending  of  organic  remains  of  different  ages 
have  actually  taken  place  in  former  times,  is  unquestionable,  though 
the  occurrence  appears  to  be  very  local  and  exceptional.  It  is,  how- 
ever, a  class  of  accidents  more  likely  than  almost  any  other  to  lead  to 
serious  anachronisms  in  geological  chronology. 


CHAPTER  L. 


Growth  of  coral  cbiefly  confined  to  tropical  T^ioiw — Pnaclpal  genera  of  coral- 
bailding  zoophytea  —  Their  rate  of  growth — Seldom  flooriih  at  ptaler  depths 
than  Iwentf  fathoms — Atolls  or  annutai  reela  with  lagoons  —  Maldive  Isles — 
Origin  of  the  circuJar  form — Coral  reefs  not  based  on  iBbmerged  volcanic  cmtcn 
— Mr.  Danriti'a  theory  of  snbcidence  in  explanaiion  of  atolls,  encvding  and 
bairier  rae&  — Why  the  windward  side  of  aioUa  highest  — Subsidence  explains 
why  all  atolls  ace  nearly  on  one  kiel  —  Alternate  areas  of  dcTtttion  and  gubsi- 
denco — Origin  of  openings  into  the  lagoons  —  Siis  of  atolls  and  barrier  reefs — 
Objection  to  the  theory  of  Bubwdcnce  considered  — Composition,  structure,  and 
■tnUified  airangemenl  of  rocks  now  forminj;  in  coral  reeft  —  Lime  whence  derived 
—  Supposed  increase  of  calcareous  matter  in  modem  epochs  controverted — Con- 
ciading  remarks. 

The  powers  of  the  organic  creation  in  modifying  the  form  and 
Structure  of  the  earth's  crust,  are  most  coaspicuously  displayed  in 
the  labours  of  the  coral  animals.  We  may  compare  the  operation  of 
these  zoophytes  in  the  ocean,  to  the  effects  produced,  oci  ^  «mA&£X 


•attrMtaiUm. 

!Bhrenberg  also  questions  the  fact  of  channels  Rnd  harbonrs  having 
been  closed  np  in  the  Red  Sea  by  the  rapid  increase  of  coral  limestone. 
He  supposes  the  notion  to  hare  arisen  from  the  circumstance  of 
lutTens  having  been  occasionally  filled  up  in  some  places  with  coni 
■and,  in  others  with  large  quantities  of  ballast  of  cor&L  tv^  ^&a<«^rb. 
down  from  vessels. 


Ck.  L.]  DEPTH   AT  WHICH  CORAIil   GBOW. 

reefs  are  excloBi  velj  the  woA  of  zoophytes ;  t  great  t 
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Tiety  of  shellB, 
and,  amoDg  them,  some  of  the  lai^est  and  lieavieBt  of  known  gpeciea, 
contribute  to  augment  the  mass.  In  the  South  Pacific,  great  heda 
of  ojBters,  musBels,  Pinna  marinte,  Ckanue  (or  Tridacna),  and  other 
shells,  cover  in  profusion  almost  every  reef;  and  on  the  beach  of 
Qoral  islands  are  seen  the  sheila  of  ecbiili  and  broken  fragments  of 
crustoceous  animals.  Large  shoals  of  flsh  are  also  discernible 
through  the  clear  blue  trater,  and  their  teeth  and  hard  palates  cannot 
fail  to  be  often  preserved  although  their  soft  cartilaginous  bones  maj 
decay. 

It  ivas  the  opinion  of  the  German  naturalist  Forster,  in  1780,  after 
his  voyage  round  the  world  with  Captain  Cook,  that  coral  animals 
had  the  power  of  building  up  steep  and  almost  perpendicular  walls 
from  great  depths  in  the  sea,  a  notion  afterwards  adopted  by  Captain 
Flinders  and  others ;  but  it  is  now  very  generally  believed  that  these 
zoophytes  cannot  live  in  water  of  great  depths. 

Sir.  Darwin  has  come  to  the  conclusion,  that  those  species  which 
are  most  effective  in  the  construclion  of  reefs,  rarely  Sourish  at  a 
greater  depth  than  20  fathoms,  or  120  feet.  In  some  lagoons, 
however,  where  the  water  is  but  little  agitated,  there  are,  according 
to  Kotzebue,  beds  of  living  coral  in  25  fathoms  water,  or  150  feet ; 
but  these  may  perhaps  have  begun  to  live  in  shallower  water,  and 
may  have  been  carried  downwards  by  the  subsidence  of  the  reef.  There 
are  also  varions  species  of  zoophytes,  and  among  them  some  which 
are  provided  with  calcareous  as  well  as  homy  stems,  which  live  in 
much  deeper  water,  even  in  some  cases  to  a  depth  of  180  fathoms ; 
but  these  do  not  appear  to  give  origin  to  stony  reefs. 

There  is  every  variety  of  form  in  coral  reefs,  but  the  most 
remarkable  and  numerous  in  tlie  Pacific  consist  of  circular  or  oval 
Btrips  of  dry  land,  enclosing  a  shallow  lake  or  lagoon  of  still  water, 
in  which  zoophytes  and  moUusca  abound.  These  annular  reefs  jnst 
raise  themselves  above  the  level  of  the  sea,  and  are  surrounded  by  a 
deep  and  often  unfathomable  ocean. 

In  the  annexed  cut  (Hg.  114.),  one  of  these  circular  islands  is 


VlnofWtilUuiKlijItlnid.    (Cape.  Snektj.)* 

*  Tt^age  to  the  Facifle,  lu.  ia  18a5-a&. 
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and  nnit«  tbem  into  a  symmetrical  structure;  mjriads  of  arcbitects 
■,  are  Bt  work  night  and  day,  month  hder  month,  aad  we  see  their 
soft  and  gelatioouB  bodies  through  the  agency  of  the  vital  laws 
conquering  the  great  mechanical  power  of  the  waves  of  an  ocean, 
which  neither  the  art  uf  man,  nor  the  inanimate  works  of  nature 
could  snccessfully  resist"* 

As  the  coral  animals  require  to  be  continually  immersed  in  salt 
water,  they  cannot  raise  themselves  by  their  own  efforts  above  the 
level  of  the  lowest  tides.  The  manner  in  which  the  reefs  aro 
converted  into  islands  above  the  level  of  the  sea  is  thus  described  by 
Chamisso,  a  naturalist  who  accompanied  Kotzebue  in  his  voyages:  — 
"When  the  reef,"  says  he,  "is  of  such  a  height  that  it  remains 
almost  dry  at  low  water  the  corals  leave  off  building.  Above  this 
line  a  continuous  mass  of  solid  stone  is  seen  composed  of  the  shells  of 
nollusks  and  echini,  with  their  broken-off  prickles  and  fragments 
.  of  coral,  united  by  calcareous  sand,  produced  by  the  pulverization 
of  shells.  The  heat  of  the  sun  often  penetrates  the  mass  of  stone 
when  it  is  dry,  so  that  it  splits  in  many  places,  and  the  force  of  the 
waves  is  thereby  enabled  to  separate  and  lift  blocks  of  coral, 
frequently  six  feet  long  and  three  or  four  in  thickness,  and  throw 
them  upon  the  reef,  by  which  means  the  ridge  becomes  at  length  so 
high  that  it  is  covered  only  during  some  seasons  of  the  year  by  the 
spring  tides.  After  this  the  calcareous  sand  lies  undisturbed,  and 
offers  to  the  seeds  of  trees  and  plants  cast  upon  it  by  the  waves  a 
soil  upon  which  they  rapidly  grow,  to  overshadow  its  dazzling  white 
surface.  Entire  trunks  of  trees,  which  are  carried  by  the  rivers 
from  other  countries  and  islands,  find  here,  at  length,  a  resting-place 
ader  their  long  wanderings  i  with  these  come  some  small  animals, 
BDch  as  insects  and  lizards,  as  the  first  inhabitants.  Even  before  the 
trees  form  a  wood,  the  sea-birds  nestle  here ;  stray  land-birds  take 
refuge  in  the  bushes;  and,  at  a  much  later  period,  when  the  work 
has  been  long  since  completed,  man  appears  and  builds  bis  hut  on  the 
fruitful  soil. "t 

In  the  above  description  the  solid  stone  is  stated  to  consist  of  shell 

and  coral,  united  by  sand ;  but  m&ssea  of  very  compact  limestone 

are  also  found  even  in  the  uppermost  and  newest  parts  of  the  reef, 

'     such  as  could  only  have  been  produced  by  chemical  precipitation. 

I    Professor  Agassiz  also  informs  me  that  bis  observations  on  the  Florida 

'    reefs  (which  conSrm  Darwin's  theory  of  atolls  to  be  mentioned  in  the 

■equel)  have  convinced  him,  that  large  blocks  are  loosened,  not  by 

'   ahrinkage  in  the  sun's  heat,  as  Chamisso  Imagined,  but  by  innumerable 

■  perforations  of  lithodomi  and  other  boring  lestacea. 

'        The  carbonate  of  lime  may  have  been  principally  derived  from  the 

decomposition  of  corals  and  testocea ;  for  when  the  animal  matter 

undergoes  putrefaction,  the  calcareous  residuum  must  be  set  free  under 

^Tvumstances  very  favourable  to  precipitation,  especially  when  there 

■re  other  calcareous  substances,  such  as  shelb  and  corals,  on  which  it 
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times  more  than  s  hundred  in  number,  each  of  which  ii  a  miniature 
atoll  ID  itself;  in  other  words,  a  ring-shaped  strip  of  coral  sorronnd- 
ing  a  li^oon  of  salt  water.  To  account  for  the  origin  of  these, 
Mr.  Darwin  supposes  die  larger  annular  reef  to  have  been  broken  np 
into  a  number  of  fragments,  each  of  which  acquired  its  peculiar 
configurations  under  the  influence  of  causes  ainular  to  those  to  which 
the  structure  of  the  parent  atoll  has  been  due.  Many  of  the  minor 
rings  are  no  less  than  three,  and  even  five  miles  in  diameter,  and  som« 
are  situated  in  the  midst  of  the  principal  lagoon ;  but  this  happens 
only  in  cases  where  the  sea  can  enter  free!/  through  breaches  in  the 
outer  or  marginal  reef. 

The  rocks  of  the  Maldives  are  composed  of  sandstone  formed  of 
broken  shells  and  corals,  such  as  may  be  obtained  in  a  loose  state 
from  the  beach,  and  which  is  seen  when  exposed  for  a  few  days  to 
the  air  to  become  hardened.  The  sandstone  is  SMsetimea  dativei 
to  be  an  aggregate  of  broken  shells,  corals,  pieces  of  wood,  and  shells 
of  the  cocoa-nut.* 

The  Laccadive  islands  run  in  the  same  line  with  the  Maldives,  on 
the  north,  as  do  the  isles  of  the  Chsgos  Archipelago,  on  the  south; 
eo  that  these  may  be  continuations  of  the  same  chain  of  submerged 
mountains,  crested  in  a  similar  manner  by  coral  limestones. 

Origin  of  the  circular  form  —  not  volcanic. — The  circular  and 
oval  shape  of  so  many  reefs,  each  having  a  lagoon  in  the  centre,  asd 
being  surrounded  on  all  sides  by  a  deep  ocean,  naturally  suggested 
the  idcA  that  they  were  nothing  more  than  the  crests  of  submarine 
volcanic  craters  overgrown  by  coral ;  and  this  theory  I  myself  advo- 
cated in  the  earUer  editions  of  this  work.  Although  I  am  now  about 
to  show  that  it  must  be  abandoned,  it  may  still  be  instmctive 
to  point  out  the  grounds  on  which  it  was  formerly  embraced.  In 
the  first  place,  it  had  been  remarked  that  there  were  many  active 
volcanos  in  the  coral  region  of  the  Pacific,  and  that  in  some  placea, 
■a  in  Gambler's  group,  rocks  composed  of  porous  lava  rise  np  in  a 
lagoon  bordered  by  a  circular  reef,  just  as  the  two  cones  of  emptioD 
called  the  Kamenis  have  made  their  appearance  in  the  times  of 
history  within  the  circular  gulf  of  Santorin.f  It  was  also  observed 
that  as  in  S.  Shetland,  Barren  Island,  and  others  of  volcanic  origin, 
there  is  one  narrow  breach  in  the  walls  of  the  outer  cone  by  which 
ships  may  enter  a  circular  gulf,  so  in  like  manner  there  is  often  a 
single  deep  passage  leading  into  the  lagoon  of  a  coral  island,  the  lagoon 
itself  seeming  to  represent  the  hollow  or  gulf  just  as  the  ring  of  dry 
coral  recals  to  our  minds  the  rim  of  a  volcanic  crater.  More  lately, 
indeed,  Mr.  Darwin  has  shown  that  the  numerous  volcanic  craters  of 
the  Galapagos  Archipelago  in  the  Pacific  have  all  of  them  their 
southern  sides  the  lowest,  or  in  many  cases  quite  broken  down,  so 
that  if  they  were  submerged  and  iocrusted  with  coral,  they  would 
resemble  true  atolb  in  shape. } 

'  Captain  Moresby  oa  the  MaldiTO^ 
Joum.    Hoy.   Geogreph.   SoC,  vol,  v. 
~    jMTt  iL  p.  400, 
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Another  argument  which  I  adduced  when  formerly  iefm&afli 
doctrine  wts  derived  from  Ehrenbcrg'a  stateinent,  llut  mnbc  Im 
coral  in  the  Red  Sv&  were  square,  wtiile  many  otJiera  were  r 
like  strips  wilb  flat  tops,  and  wiihoat  lagoons.     Since,  tlierd't 
the  genera  and  many  of  tbe  Gp«cio8  of  loopbytec 
agreed  with  those  which  t;lsewbcro  construct  iagoon  i 
lowed  that  the  slone-mnking  zoophytes  are  not  guided  1 
instinct  in  tlie  formation  of  annular  revfa,   but  that  I 
shape  and  the  position  of  such  reefs  in  the  midst  or  a  d 
must  depend  on  the  outline  of  the  submarine  bottom,  whidi  r 
nothing  else  in  nature  but  the  crater  of  a  lofty  «ubmcrp«d  V 
cone.     The  enormous  size,  it  is  true,  of  some  atolls  miula  it  n 
for  me  to  ascribe  to   the  ci'alers  of  many  submorino  vol 
uugnilude  which  was  startling,  and  which  bad  ofiiM  bom  ■ 
to  as  a  serious  objection  to  the  volcanic  ibtory.     That  »M 
them  were  of  the  same  height,  or  just  level  with  tbo  m 
present  a  difficulty  so  long  as  we  remained  igDocaiit  o 
the  reef-huilding  species  do  not  grow  at  greater  dvptha  |] 
fire  fathoms. 

May  be  explained  by  tubsidtnce.  —  Mr.  Darwin,  after  e 
ft  variety  of  coral  formations  in  different  parts  of  lb*  j^ubt  wW^ 
induced  to  reject  the  opinion  that  their  shape  represented  the  fora 
of  the  original  bottom.  Instead  of  admitting  that  the  ring  of  dnd 
coral  rested  on  a  circular  or  oval  ridge  of  rock,  or  that  the  I^om 
corresponded  to  a  pre-existing  cavity,  he  advaoced  a  new  ofunioa, 
which  must,  at  first  sight,  seem  paradoxical  in  the  extreme ;  oukIj, 
that  the  lagoon  is  precisely  in  tbe  place  once  occupied  by  the  bighc^ 
part  of  a  mountainous  island,  or,  in  other  cases,  by  tbe  top  of  a  sbiaL 

The  following  is  a  brief  sketch  of  tbe  facts  and  argumenti  ia 
favour  of  this  new  view  :  —  Besides  those  rings  of  dry  coral  whick 
inclose  lagoons,  there  are  others  having  a  similar  form  and  stranan 
which  encircle  lofty  islands.  Of  the  latter  kind  is  Vanikoro,  (hi 
map,  fig.  39.,  p.  351.),  celebrated  on  account  of  the  shipwreck  of  La 
Peyrousc,  where  the  coral  reef  runs  at  tbe  distance  of  two  or  thi«« 
niilea  from  tbe  shore,  the  channel  between  it  and  the  land  baTiofi 
general  depth  of  between  200  and  300  feet.  This  channel,  ihertfor?. 
is  analogous  to  a  lagoon,  but  with  an  inland  standing  in  the  iM&t 
like  a  picture  in  its  frame.  In  like  manner  in  Tahiti  we  tee  s 
mountainous  land,  with  every  where  round  its  margin  a  lake  or  itxie 
of  smooth  salt  water,  separated  from  tbe  ocean  by  an  encirdiag  Tr*i 
of  coral,  on  which  a  line  of  breakers  is  always  foaming.  &  »1» 
New  Caledonia,  a  long  narrow  island  east  of  New  Holland,  in  akick 
the  rocks  are  granitic,  is  surrounded  by  a  reef  which  runs  foraknftk 
of  400  miles.  This  reef  encompasses  not  only  the  inland  itself,  bat  a 
rid<re  of  rocks  which  are  prolonged  in  the  same  direction  beneath  the 
sea.  No  one,  therefore,  will  contend  for  a  moment  that  in  this  csm 
the  corals  are  based  upon  the  rim  of  a  volcanic  crater,  in  tbe  nuddk 
of  which  stands  a  mountain  or  island  of  granite. 

The  great  barrier  reef,  already  mentioned  aa  rtmning  parallel  ts  tkt 
north-east  const  of  Australia  for  nearly  1000  miln^  is 
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remarkable  example  of  &  long  itrip  of  coral  rnnning  parallel  to  s 
coast.  Its  distance  from  the  mainland  varies  from  twenty  to  seventy 
miles,  and  tfae  depth  of  the  great  arm  of  the  sea  thus  inclosed  is 
nsiially  between  ten  and  twenty  fathoms,  bat  towards  one  end  from 
forty  to  sixty.  This  great  reef  would  extend  much  farther,  according 
to  Mr.  Jakes,  if  the  growth  of  coral  were  not  prevented  off  the  shores 
of  New  Guinea  by  a  muddy  bottom,  caused  by  rivers  charged  with 
sediment  which  flow  from  the  southern  coast  of  that  great  island.* 

Two  classes  of  reefs,  therefore,  have  now  been  considered ;  flrsl^ 
the  atoll,  and,  secondly,  the  encircling  and  barrier  reef,  all  agreeing 
perfectly  in  structure,  and  the  sole  difference  lying  in  the  absence  in 
the  cose  of  the  atoll  of  all  land,  and  in  the  others  the  presence  of 
land  boDuded  either  by  an  encircling  or  a  barrier  reef.  But  there  is 
still  a  third  class  of  reefs,  called  by  Mr.  Darwin  "  fringing  reefs," 
which  approach  mnch  nearer  the  land  than  those  of  the  encircling 
and  barrier  class,  and  wMch  indeed  so  nearly  touched  the  coast  as  to 
leave  nothing  in  the  intervening  space  resembling  a  lagoon.  "  That 
these  reefs  are  not  attached  quite  close  to  the  shore  appears  to  he 
the  result  of  two  causes ;  first,  that  the  water  immediately  adjoining 
the  beach  is  rendered  turbid  by  the  surf,  and  therefore  injurious  to 
all  soophytee  ;  and,  secondly,  that  the  larger  ond  efficient  kinds  only 
flonrish  on  the  outer  edge  amidst  the  breakers  of  the  open  sea."t 

It  will  at  once  be  conceded  that  there  is  so  much  analogy  between 
the  form  and  position  of  the  strip  of  coral  in  the  atoll,  and  in  the 
encircling  and  barrier  reef,  that  no  explanation  can  be  satisfactory 
which  does  not  include  the  whole.  If  we  turn  in  the  first  place  to 
the  encircling  and  barrier  reefs,  and  endeavour  to  explain  how  the 
zoophytes  could  have  found  a  bottom  on  which  to  begin  to  build,  we 
are  met  at  once  with  a  great  difficulty.  It  is  a  general  fact,  long 
since  remarked  by  Dampier,  that  high  land  and  deep  seas  go  together. 
In  other  words,  steep  mountains  coming  down  abruptly  to  the  sea- 
ahore  are  generally  continued  with  the  same  slope  beneath  the  water. 
But  where  the  reef,  as  at  &  and  c  (flg.  118.),  is  distant  several  miles 
Pig.  us. 


from  a  steep  coast,  a  line  drawn  perpendicularly  downwards  from  its 
outer  edges  b  c'to  the  fundamental  rock  d  e,  mnst  descend  to  a  depth 
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-Slid  the  longer  the  sabsidence  continneB  the  futher  will  the  coast  of 
the  mainland  recede. 

When  the  first  edition  of  diis  work  appeared  in  1831,  several  years 
before  Mr.  Darwin  had  investigated  the  fncla  on  which  his  theory  is 
fonnded,  I  had  come  to  the  opinion  that  the  land  was  subsiding  at  the 
bottom  of  those  parts  of  the  Pacific  where  atolls  are  numerous,  although 
I  failed  to  perceive  that  such  a  subsidence,  if  conceded,  would  equally 
solve  the  enigma  as  to  the  form  both  of  annular  and  barrier  reefs. 

I  shall  cite  the  passage  referred  to,  as  published  by  me  in  1831 :  — 
"It  is  a  remarkable  circumstance  that  there  should  be  so  vast  on  area 
in  Eastern  Oceanica,  studded  with  minute  islands,  without  one  single 
spot  where  there  is  a  wider  extent  of  land  than  belongs  to  such 
islands  aa  Otaheite,  Owhyhee,  and  a  few  others,  which  either  have 
been  or  are  still  the  seats  of  active  volcanos.  If  an  equilibrium  only 
were  maintained  between  the  upheaving  and  depressing  force  of 
earthquakes,  large  islands  would  very  soon  be  formed  in  the  Pacific ; 
for,  in  that  case,  the  growth  of  limestone,  the  flowing  of  lava,  and  the 
ejection  of  volcanic  ashes,  would  combine  with  the  upheaving  force  to 
form  new  land. 

"Suppose  a  shoal,  600  miles  in  length,  to  sink  fifteen  feet,  and 
tfaen  to  remain  unmoved  for  a  thousand  years ;  during  that  interval 
the  growing  coral  may  again  approach  the  surface.  Then  let  the 
mass  be  re-elevated  fifteen  feet,  so  that  the  original  reef  is  restored 
to  its  former  position :  in  this  case,  the  new  coral  formed  since  the 
first  subsidence  will  constitute  an  island  600  miles  long.  An  analo- 
gous result  would  have  occurred  if  a  lava-current  fifteen  feet  thick 
bad  overflowed  the  submerged  reef.  The  absence,  therefore,  of  more 
extensive  tracts  of  land  in  the  Pacific,  seems  to  show  that  the  amount 
of  subsidence  by  earthquakes  exceeds,  in  that  quarter  of  the  globe,  at 
present,  the  elevation  due  to  the  same  cause."" 

Another  proof  also  of  subsidence  derived  from  the  structure  of 
atolls,' was  pointed  out  by  me  in  the  following  passage  in  all  former 
editions.  "The  low  coral  islands  of  the  Pacific,"  says  Captain 
Beechey,  "follow  one  general  rule  in  having  their  windward  side 
higher  and  more  perfect  than  the  other.  At  Gamhier  and  Matilda 
islands  this  inequality  is  very  conspicuous,  the  weather  side  of  both 
being  wooded,  and  of  the  former  inhabited,  while  the  other  sides  are 
from  twenty  to  thirty  feet  under  water;  where,  however,  they  may 
be  perceived  to  be  equally  narrote  and  well  defined.  It  is  on  the 
leeward  side  also  that  the  entrances  into  the  lagoons  occur ;  and 
although  they  may  sometimes  be  situated  on  a  side  that  runs  in  the 
direction  of  the  wind,  as  at  Bow  Island,  yet  there  are  none  to 
windward."  These  observations  of  Ct^taiu  Beechey  accord  with 
those  which  Captain  Horsburgh  and  other  hydrographers  have 
made  in  regard  to  the  coral  islands  of  other  seas.  From  this  for- 
tanate  circumstance  ships  can  enter  and  sail  out  with  ease ;  whereas 
if  the  narrow  inlets  were  to  windward,  vessels  whidi  once  entered 
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•ad  18  five  miles  in  length  by  one  in  breadth.  It  has  a  flat  sutface, 
and,  on  all  sides,  except  the  north,  is  bounded  bj  perpendicular  cliffs 
about  fifty  feet  high,  composed  entirely  of  dead  coral,  more  or  less 
porous,  honey-combed  at  the  surface,  and  hardening  into  a  compact 
calcareous  mass,  which  possesses  the  fracture  of  secondary  limestone, 
and  has  a  species  of  millepore  interspersed  through  it  These  cliffs 
are  considerably  undermined  by  the  action  of  the  waves,  and  some  of 
tliem  appear  on  the  eve  of  precipitating  their  superincumbent  weight 

Fig.  uo. 
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into  the  sea.  Those  which  are  less  injured  in  this  way  present  no 
alternate  ridges  or  indication  of  the  different  levels  which  the  sea 
might  have  occupied  at  different  periods ;  but  a  smooth  surface,  as  if 
the  island,  which  has  probably  been  raised  by  volcanic  agency,  had 
been  forced  up  by  one  great  subterraneous  cbnvulsion.*  At  the 
distance  of  a  few  hundred  yards  from  this  islimd,  no  bottom  could  be 
gained  with  200  fathoms  of  line. 

It  will  be  seen,  [from  |the  annexed  sketch,  communicated  to  me  by 
liieutenant  Smith,  of  the  Blossom,  that  the  trees  came  down  to  the 
beach  towards  the  centre  of  the  island ;  a  break  at  first  sight  re- 
sembling the  openings  which  usually  lead  into  lagoons  ;  but  the  trees 
stand  on  a  steep  slope,  and  no  hollow  of  an  ancient  lagoon  was  per- 
ceived. 

Beechey  also  remarks,  that  the  surface  of  Henderson's  Island  is 
flat,  and  that  in  Queen  Charlotte's  Island,  one  of  the  same  group,  but 
under  water,  there  was  no  lagoon,  the  coral  having  grown  up  every 
where  to  one  level.  The  probable  cause  of  this  obliteration  of  the 
central  basin  or  lagoon  will  be  considered  in  the  sequel. 

That  the  bed  of  the  Pacific  and  Indian  oceans,  where  atolls  are 
frequent,  must  have  been  sinking  for  ages,  might  be  inferred,  says 
Mr.  Darwin,  from  simply  reflecting  on  two  facts ;  first,  that  the 
efficient  coral-building  zoophytes  do  not  flourish  in  the  ocean  at  a 
greater  depth  than  120  feet;  and,  secondly,  that  there  are  spaces 
occupying  areas  of  many  hundred  thousand  square  miles,  where  all 
the  islands  consist  of  coral,  and  yet  none  of  which  rise  to  a  greater 
height  than  may  be  accounted  for  by  the  action  of  the  winds  and 
waves  on  broken  and  triturated  coraL  Were  we  to  take  for  granted 
that  the  floor  of  the  ocean  had  remained  stationary  from  the  time 
when  the  coral  began  to  grow,  we  should  be  compelled  to  assume  that 
an  incredible  number  of  submarine  mountains  of  vast  height  (for  the 
ocean  is  always  deep,  and  often  unfathomable  between  the  different 
atojlf^  had  all  come  to  within  120  feet  of  the  surface,  and  yet  no  one 
mountain  had  risen  above  water.  But  no  sooner  do  we  admit  the 
tbeoir;  of  subsidence,  than  this  great  difficulty  vanishes.    However 

*  BeeclKy's  Yojige  to  the  l^i^dfic,  ftc,  p.  46. 

Si  S 


Cm.  L.]  size  of  ATOLLS  AND  BABBIEB  BEEFS.  791 

•tolls,  it  was  stated  that  some  of  the  Bmallest  observed  hj  Beechey  in 
the  Pacific  were  only  a  mile  in  diameter.  If  their  external  slope 
under  water  equals  upon  an  average  an  angle  of  45°,  then  would 
Buch  an  atoll  at  the  depth  of  half  a  mile,  or  2640  feet,  have  a 
diameter  of  two  miles.  Hence  it  would  appear  that  there  must  be  a 
tendency  in  every  atoll  to  grow  smaller,  except  in  those  cases  where 
oecillationa  of  level  enlarge  the  base  on  which  the  coral  grows  by 
throwing  down  a  talus  of  detritol  matter  all  round  the  original  codc 
of  limestone. 

Bow  Island  is  described  by  Captain  Beechey  as  seven^  miles  in 
circumference,  and  thirty  in  its  greatest  diameter,  but  we  have  seen 
that  some  of  the  Maldives  are  much  larger. 

As  the  shore  of  an  island  or  continent  which  is  subsiding  wilt 
recede  from  a  coral  reef  at  a  slow  or  rapid  rate  according  as  the 
surface  of  the  land  has  a  steep  or  gentle  slope,  we  cannot  measure 
the  thickness  of  tbe  coral  by  its  distance  from  the  coast;  yet,  as  a 
general  rule,  those  reefs  which  are  farthest  from  the  land  imply  the 
greatest  amount  of  subsidence.  We  learn  from  Flinders,  that  the 
barrier  reef  of  north-eastern  Australia  is  in  some  places  seventy 
miles  from  tbe  mainland,  and  it  should  seem  that  a  calcareous 
formation  is  tjiere  in  progress  1000  miles  long  from  north  to  south, 
with  a  breadth  varying  from  twenty  to  seventy  miles.  It  may  not, 
indeed,  be  continuous  over  this  vast  area,  for  doubtless  innumerable 
islaads  have  been  submerged  one  after  another  between  the  reef  and 
mainland,  like  some  which  still  remain,  as,  for  example,  Murray's 
Islands,  lat.  9°  Si'  S.  We  are  also  told  (bat  some  parts  of  the  gulf 
Inclosed  witbin  the  barrier  are  400  feet  deep,  so  that  the  efficient 
rock-building  corals  cannot  be  growing  there,  and  in  other  parts 
of  it  islands  appear  encircled  by  reefs. 

It  will  follow  as  one  of  the  consequences  of  the  theory  already 
explained  that,  provided  the  bottom  of  tbe  sea  does  not  sink  too  fast 
to  allow  the  zoophytes  to  build  upwards  at  the  same  pace,  the  thick- 
ness of  coral  will  be  great  in  proportion  to  the  rapidity  of  subsidence, 
so  that  if  one  area  sinks  two  feet  while  another  sinks  one,  the  mass 
of  coral  in  tbe  first  area  will  be  double  that  in  the  second.  But  the 
downward  -movement  must  in  general  have  been  very  slow  and 
tmiform,  o^  Therqintermittent,  muathaveconsistedof  agreatnumber 
of  depres/  ,j,  each  of  slight  amount,  otherwise  the  bottom  of  the 
sea  wonl^  e  been  carried  down  faster  than  tbe  corals  could  build 
opwardi  the  island  or  continent  would  be  permanently  sub- 

merge^ -rtving  reached  a  depth  of  ISO  or  150  feet,  at  which  the 
effective  reef-constructing  zoophytes  cease  to  live.  If,  then,  the  sub- 
sidence required  to  account  for  all  the  esiating  atolls  must  have 
amounted  to  three  or  four  thousand  feet,  or  even  sometimes  more, 
w«  are  brought  to  the  conclusion  that  there  has  been  a  iloto  and 
gradual  sinking  to  this  enormous  extent  Such  an  inference  is 
perfectly  in  harmony  with  views  which  the  grand  scale  of  denuda- 
tion, eveiywhere  observable  in  the  older  rocks,  has  led  geologists  to 
adopt  in  reference  to  upward  movements.  They  must  aloa  ^k^CiWoo. 
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gradual  and  continaoiis  throughout  mdeGaite  »gw  to  idlmr  tht 
■nd  fiurreDls  of  tb«  ocean  to  operate  with  ftdeqaiUe  pomvr. 

The  map  coDstructcd  by  Sir.  PorviD  to  divpUjr  mX  mm  * 
geogrnphicol  poailion  of  all  the  coral  reeta  Uirousbottt  tbe 
of  the  highest  geological  interest  (mv  above,  p.  SiU),  J 
Bptendid  gencraliitatloQfl,  when  we  have  once  i     ' 
thai  all  atolls  and  barri«r  reef«  indicate  recent  cubl 
presence  of  fringing  reefs  proves  the  land  to  bo  • 
Thef*  two  classes  of  coral   formationB   ar*    depicted  1 
colours ;  and  one  of  the  striking  facts  broaght  la  ligU  ^ 
classification  of  curat  fmrnations  'u  the  absexicc  of  •otivi  ' 
the  areas  of  Bubsiik--noe,  and  their  frequent  prwrnce  ia  t 
deration.     The  oaly  supposed  e3Ueption  to  (his  reiiMrkaUtM 
denee  at  the  time  when  Ht.  Darwin  wrote,  in  1 843,  ww  iIm  ti 
of  Torres  Strait,  at  the  nonhera  point  of  Auut»Iia.  placW  «  4 
boniers  of  an  area  of  aubsideace ;  but  it  bu  been  Btnee  f 
this  rolcano  has  no  existenc«. 

We  see,  therefore,  an  evident  connection,  flret.  between  Iksh 
forth  ereiy  now  and  then  of  volcaaic  M«U«r  lknMi|^  ■ 
sure^  and  ttie  expanuon  or  forang  OOtwudi  of  A*  i 
tnd,  eeeondljr,  between  a  dormant  and  lea*  eitwgctle  i 
subterranean  bent,  and  an  amount  of  titbaidenee  ai  ~ 
cause  niouDtaiits  to  disappear  over  the  broad  fac«  of  ibe  o*^ 
leaving  onlj  small  and  scattered  lagoon  isIaiMlE,  oiT  groups  id  buB% 
Ic  indicate  the  spots  where  those  moUDtains  ODce  ^ood. 

On  a  review  of  the  diffiyently-coloure'l  reefs  on  th<-  map  itiAJ 
to.  It  n-ili  be  sl^b  tbal  (here  arc  large  iiiacvs  ia  wtikli  upLbii^  ^ 
others  in  which  depression  prevails,  and  these  are  placed  allenuu^i 
while  there  are  a  few  smaller  areas  where  movements  of  osdHtWa 
occur.  Thus  if  we  commence  with  the  western  sbor«s  of  Seah 
America,  between  the  summit  of  the  Andea  and  the  Pacific  (a  npina 
of  eanh<]uakes  and  active  volcanos),  we  find  signs  of  recent  clcTitiM. 
not  attested  indeed  by  coral  fonnationa,  which  are  wanting  then,  b* 
by  upraised  banks  of  marine  shells.  Then  proceeding  wesnraH,  n 
traverse  a  deep  ocean  without  islands,  until  we  oome  to  a  btai  tf' 
atoJh  snd  encircled  islands,  Including  the  Dangerous  and  Sodrt; 
archipelagos,  and  constituting  an  area  of  snbeidence  more  thaa  iOOi 
miles  long  and  GOO  broad.  Sdll  farther,  in  the  Mme  directi«i,wt 
reach  the  chain  of  islands  to  which  the  New  Hebrides,  SaloMsa.  tmi 
I\ew  Ireland  belong,  where  fringing  reefs  and  maitnt  of  denui 
coral  indicate  another  area  of  upheaval  Again,  to  tbe  wcMward  d 
the  New  nebrides  we  meet  with  the  encircling  reef  of  New  Cale- 
donia and  the  great  Australian  barrier,  iin{Jying  a  aceoad  am  d 
subsidence. 

The  only  objection  deserving  attention  wbich  baa  Utkerto  hem 
advanced  against  the  theory  of  atolls,  as  before  nphjitfj  (p.  73^) 
ii  that  proposed  by  Mr.  Uaclaren.*     "  On  the  ooUide,*  be  «ba«nt> 
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'*  of  coral  reefs  very  highly  inclined,  no  bottom  is  sometimes  found 
with  a  line  of  2000  or  3000  feet,  and  this  is  by  no  means  a  rare 
case.  It  follows  that  the  reef  ought  to  have  this  thickness;  and 
Mr.  Darvrin's  diagrams  show  that  he  understood  it  so.  Now,  if  such 
masses  of  coral  exist  under  the  sea,  they  ought  somewhere  to  be 
found  on  terra  firma ;  for  there  is  evidence  that  all  the  lands  yet 
visited  by  geologists,  have  been  at  one  time  submerged.  But  neither 
in  the  great  volcanic  chain,  extending  from  Sumatra  to  Japan,  nor  in 
the  West  Indies,  nor  in  any  other  region  yet  explored,  has  a  bed  or 
formation  of  coral  even  500  feet  thick  been  discovered,  so  far  as  we 
know." 

When  considering  this  objection,  it  is  evident  that  the  first  ques- 
tion we  have  to  deal  with  is,  whether  geologists  have  not  already 
discovered  calcareous  masses  of  the  required  thickness  and  structure, 
or  precisely  such  as  the  upheaval  of  atolls  might  be  expected  to 
expose  to  view  ?  We  are  called  upon,  in  short,  to  make  up  our  minds 
both  a»  to  the  internal  composition  of  the  rocks  that  must  result  from 
the  growth  of  corals,  whether  in  lagoon  islands  or  barrier  reefs,  and 
the  external  shape  which  the  reefs  would  retain  when  upraised  gra- 
dually to  a  vast  height,*- a  task  by  no  means  so  easy  as  some  may 
imagine.  If  the  reader  has  pictured  to  himself  large  masses  of  entire 
corals,  piled  one  upon  the  other,  for  a  thickness  of  several  thousand 
feet,  he  unquestionably  mistakes  altogether  the  nature  of  the  accumu- 
lations now  in  progress.  In  the  first  place,  the  strata  at  present  form- 
ing very  extensively  over  the  bottom  of  the  ocean,  within  such  barrier 
reefs  as  those  of  Australia  and  New  Caledonia,  are  known  to  consist 
chiefly  of  horizontal  layers  of  calcareous  sediment,  while  here  and  there 
an  intermixture  must  occur  of  the  detritus  of  granitic  and  other  rocks 
brought  down  by  rivers  from  the  adjoining  lands,  or  washed  from  sea- 
clifis  by  the  waves  and  currents.  Secondly,  in  regard  to  atolls,  the 
stone-making  polypifers  grow  most  luxuriantly  on  the  outer  edge  of 
the  island,  to  a  thickness'  of  a  few  feet  only.  Beyond  this  margin 
broken  pieces  of  coral  and  calcareous  sand  are  strewed  by  the 
breakers  over  a  steep  seaward  slope,  and  as  the  subsidence  continues 
the  next  coating  of  live  coral  does  not  grow  vertically  over  the  first 
layer,  but  on  a  narrow  annular  space  within  it,  the  reef,  as  was  before 
stated  (p.  761.),  constantly  contracting  its  dimensions  as  it  sinks. 
Thirdly,  within  the  lagoon  the  accumulation  of.  calcareous  matter  is 
chiefly  sedimentary,  a  kind  of  chalky  mud  derived  from  the  decay  of 
the  soflter  corallines,  with  a  mixture  of  calcareous  sand  swept  by  the 
winds  and  waves  from  the  surrounding  circular  reef.  Here  and 
there,  but  only  in  partial  clumps,  are  found  living  corals,  which  grow 
in  the  middle  of  the  lagoon,  and  mixed  with  these  and  with  fine  mud 
and  sand,  a  great  variety  of  sheUs,  and  fragments  of  testacea  and 
echinoderms. 

We  owe  to  Lieutenant  Nelson  the  discovery  that  in  the  Bermudas 
the  calcareous  mud  resulting  from  the  decomposition  of  the  softer 
corallines   is   absolutely  undistinguishable  when  dried   from   the 
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but  they  ought,  he  says,  to  be  of  rare  occurrence,  for  in  the  cose  of 
atolb  or  of  barrier  or  fringiDg  reefs,  the  characteristic  outline  must 
nsnall;  be  destroyed  by  denudation  as  soon  as  a  reef  begins  to  rise ; 
since  it  is  immediatelj  exposed  to  the  action  of  the  breskers,  and  the 
large  and  conspicuous  corals  on  the  outer  rim  of  the  atoll  or  barrier 
are  the  first  to  be  destroyed  and  to  fall  to  the  bottom  of  vertical  and 
undermined  cliffs.  After  slov  and  continued  upheaval  a  wreck  alone 
can  remain  of  the  original  reef.  If,  therefore,  says  Mr.  Darain,  "  at 
some  period  as  far  in  futurity  as  the  secondary  rocks  are  in  the  past^ 
the  bed  of  the  Pacific  with  its  atolls  and  barrier  reefa  should  be 
converted  into  a  continent,  we  may  conceive  that  scarcely  any  or 
none  of  the  existing  reefs  would  be  preserved,  but  only  widely  spread 
strata  of  calcareous  matter  derived  from  their  wear  and  tear."* 

When  it  is  urged  in  support  of  the  objection  before  stated  (p.  767.) 
that  the  theory  of  atolls  by  subsidence  implies  the  accumulation  of 
calcareous  formations  2000  or  3000  feet  thick,  it  must  be  conceded 
that  this  estimate  of  the  minimum  density  of  the  deposits  is  by  no 
means  exaggerated.  On  the  contrary,  when  we  consider  that  the 
space  over  which  atolls  are  scattered  in  Polynesia  and  the  Indian 
oceans  may  be  compared  to  the  whole  continent  of  Asia,  we  cannot 
but  infer  from  analogy  that  the  differences  in  level  in  so  vast  an  area 
have  amounted,  antecedently  to  subsidence,  to  3000  or  even  a  greater 
number  of  feet.  Whatever  was  the  difference  in  height  between  the 
loftiest  and  lowest  of  the  original  mountains  or  mountainous  islands 
on  whioh  the  different  atolls  are  based,  that  difference  must  represent 
the  thickness  of  eonl  which  has  now  reduced  all  of  them  to  ooe 
level.  Flinders,  therefore,  by  no  means  exa^erated  the  volume  of 
the  limestone,  which  he  conceived  to  have  been  the  work  of  coral 
animals ;  he  was  merely  mistaken  as  to  the  manner  in  which  they 
were  enabled  to  build  reefs  in  an  unfathomed  ocean. 

But  is  it  reasonable  to  expect,  after  the  waste  caused  by  denudation, 
that  calcareous  masses^  gradually  upheaved  in  an  open  sea,  should 
retain  such  vast  thicknesses?  Or  may  not  the  limestones  of  the  creta. 
ceous  and  oolitic  epochs,  which  attain  in  the  Alps  and  ^renees  a 
density  of  3000  or  4000  feel,  and  are  in  great  part  made  up  of 
coralline  and  shelly  matter,  present  us  with  a  true  geological  counter- 
port  of  the  recent  coral  reefs  of  equatorial  seas  ? 

Before  we  attach  serious  importance  to  arguments  founded  on 
negative  evidence,  and  opposed  to  a  theory  which  so  admirably 
explains  a  great  variety  of  complicated  phenomena,  we  ought  to 
remember  that  the  upheaval  to  the  height  of  4000  feet  of  atolls 
in  which  the  coralline  limestone  would  be  4000  feet  thick,  implies, 
first,  a  slow  subsidence  of  4000  feet,  and,  secondly,  an  elevation  of 
the  same  amount.  Even  if  the  reverse  or  ascending  movement 
began  the  instant  the  downward  one  ceased,  we  must  allow  a  great 
lapse  of  ages  for  the  accomplishment  of  the  whole  operation. 
We  must  also  assume  that  at  the  commencement  of  the  period  in 

*  letter  to  Ur.  MadareD,  Scottnuui,  IMS. 
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reous  matter,  or  where  the  lake  is  fed  by  springs,  that  shells  accumu- 
late and  form  marl. 

All  the  lakes  in  Forfarshire  which  have  produced  deposits  of  shell- 
marl  have  been  the  sites  of  springs,  which  still  evolve  much  carbonic 
acid,  and  a  small  quantity  of  carbonate  of  lime.  But  there  is  do  marl 
in  Loch  Fitfaie,  near  Forfar,  where  there  are  no  tprings,  although 
that  lake  is  surrounded  by  these  calcareous  deposits,  and  although, 
in  every  other  respect,  the  site  is  favourable  to  the  accnmolation  of 
aquatic  testacea. 

We  find  those  Chane  which  secrete  the  largest  quantity  of  calca- 
reous matter  in  their  stems  to  abonnd  near  springs  impregnated  with 
carbonate  of  lime.  We  know  that,  if  the  common  hen  be  deprived  * 
altogether  of  calcareous  nutriment,  the  shells  of  her  eggs  will  become 
of  too  slight  n  consistency  to  protect  the  contents ;  and  some  birds 
eat  chalk  greedUy  during  the  breeding  season. 

If,  on  the  other  hand,  we  turn  to  the  phenomena  of  inorganic 
nature,  we  observe  that,  in  volcanic  countries,  there  is  an  enormous 
evolution  of  carbonic  acid,  either  free,  in  a  gaseous  form,  or  mixed 
with  water ;  and  the  springs  of  such  districts  are  usually  impregnated 
with  carbonate  of  lime  in  great  abundance.  No  one  who  has  travelled 
in  Tuscany,  throngh  the  region  of  extinct  volcanos  and  its  confines, 
or  who  has  seen  the  map  constructed  by  Targioni  (1827),  to  show 
the  principal  sites  of  mineral  springs,  can  doubt,  for  a  moment,  that 
if  this  territory  was  submei^ed  beneath  the  sea,  it  might  supply 
materials  for  the  most  extensive  coral  reefs.  The  importance  of  these 
springs  is  not  to  be  estimated  by  the  magnitude  of  the  rocks  which 
they  have  thrown  down  on  the  slanting  sides  of  bills,  although  of 
these  alone  large  cities  might  be  built,  nor  by  a  coating  of  travertin 
that  covers  the  soil  in  some  districts  for  miles  in  length.  The  greater 
part  of  the  calcareous  matter  passes  down  in  a  state  of  solution  to  the 
aen,  and  in  all  countries  the  rivers  which  flow  from  chalk  and  other 
marly  and  calcareous  rocks  carry  down  vast  quantities  of  lime  into 
the  ocean.  Lime  is  also  one  of  the  component  parts  of  augite  and 
other  volcanic  and  hypogene  minerals,  and  when  these  decompose  is 
set  free,  and  may  then  find  its  way  in  a  state  of  solution  to  the  sea. 

The  lime,  therefore,  contained  generally  in  sea  water,  and  secreted 
eo  plentifully  by  the  testacea  and  corals  of  the  Pacific,  may  have  been 
derived  either  from  springs  rising  up  in  the  bed  of  the  ocean,  or  from 
rivers  fed  by  calcareous  springs,  or  impregnated  with  lime  derived 
from  disintegrated  rocks,  both  volcanic  and  hypogene.  If  this  be 
admitted,  the  greater  proportion  of  limestone  in  the  more  modem 
formations  as  compared  to  the  moat  ancient,  will  be  explained,  for 
springs  in  general  hold  no  argillaceous,  and  but  a  small  quantity  of 
siliceous  matter  in  solntion,  but  they  are  continually  subtracting 
calcareous  matter  from  the  inferior  rocks.  The  constant  transfer, 
therefore,  of  carbonate  of  lime  from  the  lower  or  older  portions  of  the 
earth's  crust  to  the  surface,  must  cause  at  all  periods,  and  throughout 
nn  indefinite  succession  of  geological  epochs,  a  preponderance  of  cat-  / 
^areoua  matter  in  the  newer  as  contrasted  with  the  older  formation*. 
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fact  of  the  first  introduction  of  a  moral  and  intellectual  being— so 
also  we  ma;  conceive  the  first  creation  of  the  planet  itself. 

I  am  far  from  denying  the  wdght  of  this  reasoning  from  analogy ; 
but,  although  it  ma;  strengthen  our  conviction,  that  the  present 
Bjstem  of  change  has  not  gone  on  from  eternity,  it  cannot  warrant  us 
in  presuming  that  we  shall  be  permitted  to  behold  the  signs  of  the 
earth's  origin,  or  the  evidences  of  the  first  introduction  into  it  of 
organic  beingn.  We  aspire  in  vain  to  assign  limits  to  the  works  of 
creation  in  tpace,  whether  we  examine  the  starry  heavens,  or  that 
world  of  minute  animalcules  which  is  revealed  to  ns  by  the  micro- 
scope. We  are  prepared,  therefore,  to  find  that  in  time  also  the 
confines  of  the  universe  lie  beyond  the  reach  of  mortal  ken.  But  in 
whatever  direction  we  pursue  our  researches,  whether  in  time  or 
space,  we  discover  every  where  the  clear  proofs  of  a  Creative 
Intelligence,  and  of  His  foresight,  wisdom,  and  power. 

As  geologists,  we  leani  that  it  is  not  only  the  present  condition 
of  the  globe  which  has  been  suited  to  the  accommodation  of  myriads 
of  living  creatures,  but  that  many  former  states  also  have  been 
adapted  to  the  organization  and  habits  of  prior  races  of  beings.  The 
disposition  of  the  seas,  continents,  and  islands,  and  the  climates,  have 
varied ;  the  species  likewise  hare  been  changed ;  and  yet  they  have 
all  been  so  modelled,  on  types  analogous  to  those'  of  existing  plants 
and  animala,  as  to  indicate,  throughout,  a  perfect  harmony  of  design 
and  unity  of  purpose  To  assume  that  the  evidence  of  the  beginning 
or  end  of  so  vast  a  scheme  lies  within  the  reach  of  our  philosophical 
inquiries,  or  even  of  our  speculations,  appears  to  be  inconsistent 
with  a  just  estimate  of  the  relations  which  subsist  between  the 
finite  powers  of  man  and  the  attributes  of  an  Infinite  and  Eternal 
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and  the  absence  of  claws,  hoofs,  and  horns.   Etym.,  oyorXot,  anopbgj  unarmed, 

and  i^piov,  theriony  a  wild  beast 
Antagonist  Power.     Two  powers  in  nature,  the  actioi)  of  the  one  counteracting 

that  of  the  other,  by  which  a  kind  of  equilibriam  or  balance  is  maintained, 

and  the  destructive  effect  prevented  that  would  be  produced  by  one  operating 

without  a  check. 
Antennae.    The  articulated  horns  with  which  the  heads  of  insects  are  invariably 

furnished.  * 

Anthracite.     A  shining  substance  like  black-lead ;  a  species  of  mineral  charcoaL 

£tifm,y  oyBptt^y  anthrax^  coal. 
Anthracotherium.    a  name  g^ven  to  an  extinct  quadruped,  supposed  to  belong 

to  thtf  Pachydermata,  the  bones  of  which  were  first  found  in  lignite  and  coal 

of  the  tertiary  strata.    Etym,^  ca^pa^,  anthraXf  coal,  and  ^pioy,  therion,  wild 

beast 
Anthropomorphous.     Having  a  form  resembling  the  human.    Etym,^  avOpwroSf 

anthropos,  a  man,  and  M^p^c,  morphea  form. 
Antiseptic.    Substances  which  prevent  corruption  in  animal  and  vegetable  matter, 

as  common  salt  does,  are  said  to  be  antiseptic    Etym.f  atrn,  antiy  against,  and 

(npr«,  sepOf  to  putrefy. 
Arenaceous.    Sandy.    Etym.^  arenas  sand. 
AitoiLXACEOUS.    Clayey,  composed  of  clay.    Etynu,  argilhy  clay. 
Abragonitb.     a  simple  mineral,  a  variety  of  carbonate  of  lime,  so  called  from 

having  been  first  found  in  Arragon,  in  Spain. 
Atolls.    Coral  islands  of  an  annular  form,  or  consisting  of  a  circular  strip  or  ring 

of  coral  surroonding  a  central  lagoon. 
Auoite.    a  simple  mineral  of  a  dark  green,  or  black  colour,  which  forms  a  con- 
stituent part  of  many  varieties  of  volcanic  rocks.     Name  applied  by  Pliny  to 

a  particular  mineral,  from  the  Greek  av7i|,  auge,  lustre. 
Avalanches.    Masses  of  snow  which,  being  detached  from  great  heights  in  the 

Alps,  acquire  enormous  bulk  by  fresh  accumulations  as  they  descend;  and 

when  they  fall  into  the  valleys  below  often  cause  great  destruction.    They  are 

also  called  lavanges  and  lavanches  in  the  dialects  of  Switzerland. 

Basalt.  One  of  the  most  common  varieties  of  the  Trap-rocks.  It  is  a  dark 
green  or  black  stone,  composed  of  augite  and  felspar,  very  compact  in  texture, 
and  of  considerable  hardness,  often  found  in  regular  pillars  of  three  or  more 
sides  called  basaltic  columns.  Remarkable  examples  of  this  kind  are  seen 
at  the  Giant's  Causeway,  in  Ireland,  and  at  Fingal's  Cave,  in  StafBe^  one 
of  the  Hebrides.  The  term  is  used  by  Pliny,  and  is  said  to  come  from 
boMul,  an  ^Ethiopian  word  signifying  iron.    The  rock  often  contains  much  iron. 

**  Babin  "  of  Paris,  **  Basin  "  of  London.  Deposits  lying  in  a  hollow  or  trough, 
formed  of  older  rocks  ;  sometimes  used  in  geology  almost  synonymously  with 
*^  formations,^  to  express  the  deposits  lying  in  a  certain  cavity  or  depression  in 
older  rocks. 

Bklehnite.  a  n  extinct  genus  of  the  order  of  molluscous  animals  called  Cephalo- 
poda, having  a  long,  straight,  and  chambered  conical  shelL  Etym.,  fitKtfiyoy, 
hekmnony  a  dart. 

Bitumen.  Mineral  pitch,  of  which  the  tar-like  substance  which  is  often  seen  to 
ooxe  out  of  the  Newcastle  coal  when  on  the  fire,  and  which  makes  it  cake,  is 
a  good  example.    Etynu,  bitumen,  pitch. 

Bituminous  Shale.  An  argillaceous  shale,  much  impregnated  with  bitumen, 
which  is  very  common  in  the  Coal  Measures. 

BuEimB.  A  metallic  ore,  a  compound  of  the  metal  zinc  with  sulphur.  It  is  often 
found  in  brown  shining  crystals ;  hence  its  name  among  the  German  miners, 
from  the  word  blenden^  to  dazzle. 

Blufts.  High  banks  presenting  a  precipitous  front  to  the  sea  or  a  river.  A  term 
used  in  &e  United  States  of  North  America. 

BoTRTOiDAL.  Resembling  a  bunch  of  Grapes.  Etym.,  fiorpw,  botrys,  a  bunch  of 
grapes,  and  tiSof,  eidos,  form. 

Boulders.  A  provincial  term  for  large  rounded  blocks  of  stone  lying  on  the  sur- 
face of  the  ground,  or  sometimes  imbedded  in  loose  soil,  different  in  composition 
from  the  rocks  in  their  vicinity,  and  which  have  been  therefore  transported 
from  a  distance. 

BiBcxiXA.  A  rock  composed  of  angnlar  fhtgments  connected  together  If  lime  or 
other  mineral  substance.    An  Italian  term. 
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Calc  Sintkr.     a  Genoan  oame  for  the  dcpwin  fiiim  »ii! 

of Ilnie  in  tolutioD — petrifyioR  spriues-     Eiyn..  kiH.  I 
C.U1CAISE  Gbowikb.     ia  eiuaiiTir  ttrainin,  or  rsibrr  ■cno  ui  ■«■ 

Ibe  Paris  BuiD,beioDgiQglolIw  Eoceatrleru&r?  penoiL  EtgM^ti 

■lane,  and  grcatirr,  coane. 
Cauaileocs  Rocs.    Limcslone.    Etym,,  caU,  lime. 
C«u:.i)istic»  Spar.    CrjstaUixvd  carhnnalo  of  litiut. 
Calteihist.    a  siliceous  simple  mineral,  ouerjiiaUiMi.    A0al«  »•  pi 

pOKil  of  Mlccdonj. 
Caxihie'.    An  undMomposed  inOAminalilQ  lubulaiice.  on*  of  tbo  mm 

hodiu.     Charcoal  ia  almon  cnlirFl]'  cuinpoainl  of  ii.     Kt^m^  t 
Carbonatk  of  I'lXK.     Lime  combioca  *illi  kfmi  andity  mtk  a 

gaacoua  arid  only  obiuiiied  fluid  when  nanal  «iili  ■  ■!■! .      mmi  mi  <■■■■ 

tioni  of  il  wilh  olhtr  niletancea  are  nllad  C'rbimatm,     All  toMHMll 

earbooai«a  of  lime,  and  quicklinic  ii  obttinedbjdricwgetf  teavtaaiaM 

CABBoNAreD  Sfhihg*.    Spring;^  of  vBI«r.  containing  rarbooie  aod  pa-    A 

are  lerv  comiDon,  eapecmll;  in  tolcanie  coui     ' 

10  much  gsa,  Ihat  if  a  Utile  lugar  be  ihravs  in 

toda-iTDler. 
CABOoNtc  Acid  Gab.     A  natural  paa  wliich  often  ia» 

ciall;  in  lalcanic  couniries.    Eti/m .  tarho,  eoal  i 

by  ths  slo*  burning  ofchircoiLl. 
CABBoKtrEBDUS.    A  (eroi  usoally  applied,  in  a  . __ 

group  of  eecnml^  nraia ;  but  an;  bed  ciWaining  eo*l  Hay  ^  ■ 
•  carboDiKerou*.    Etiiat.,  carba,  coal,  and/era^  to  bear. 
Catwltu).    a  deluge.     Etgm.,  rawAxfii,  miaehaioj  »  d .    __. 
CssBAuoroDik.     K  cUua  of  motluacvni  wimBla,  tnviBg  tbcit  a 

amuiged  round  their  head.     £iy*i..  nffM,*.  trpkal*.  fa  ~   * 

Cetacka.     An  order  of  vertebraled  msmmifenxu  animalt   inhabitait  tW  H 

The  whale,  dolphin,  and  nanral  ore  examples.      Et}/m^  rrtc  «hale. 
CnALK.     A  white  esrthy  limestone,  Ihe  upperaioM  of  the  xeoradarT  hm  i 


in  a  IMtkiriol  ■■Ml.  W m  1^1 
ciWaining  eo*l  mmj  faa  mlA  M 
ftn,  to  bear.  J 

caladiaaf  (oAalac*.  J 

lala,  tnviBg  tbcit  oc^b*  of  all 
tM.^.  «qAJw.  haaA  aa4 mI^H 


Clu.oBrnc  Sand.    Sand  coloored  green  by  an  admlitnrc  of  (he  saptr  wi^ 

chlorite.     Elj/m.,  x^wpoi,  cklorut,  green. 
Cleavaue.     Certain  rocks,  usually  called  Slale'rocka,  m%;  b«  <4c«««d  kW  1 

indefinile  number  of  thin  laminc  which  arc  parallel  lo  each  o«bcf;hH*b 

are  generally  not  pemUel  to  the  plane*  of  the  tme  nrau  or  layna  af  Iffa 

tioo.     The  planes  of  cleavage,  thereforv,  are  divtiapusliabiB  frm  Am 

stiBiiRcation. 
Clukstoke,  called  also  phonolile,  a  feUpalhic  rock  of  the  trap  ^ailj.  taad 

fie«le.     ll  is  sonoroiu  when  struck  with  a  hammer,  whence  ita  nam*. 
Coal  FomikTlON.     This  lenn  is  generaity  nndertloud  lu  mesn  the  aair  ■■  ^ 

Coal  Measures,  or  Carboniferous  group, 
CoLBOiTEBi.     An  order  of  insecls  (fcelfe*)  which  hsTC  four  wioea,  the  efp 

pair  being  crusiaceoas  and  forming  a  ihield.     El^m-,  mXtat,  colnt,  ■  ikM 

and  TT((H»>,  pltran,  a  wing. 
CoKFOBXAOLC     When  the  pboea  of  one  «et  of  itrata  are  gpner^ly  paralU ' 

those  of  another  set  which  are  in  contact  tbej  an  aaid  to  be  c    '      " 


i 


Thus  the  set  a,  A,  Fig,  9B.  rest  conformably  on  the  inferior  m(  c  W;  hK  c 

rest  ancoofonnably  on  E. 
CoNGBNEBS.     Specie*  which  belong  to  the  aaoK  genna. 
CoNGiAMERiTE.  or  PoDDlNOSToME.     Houoded  watcr-wom  fVi^tiils  of  rod 

pebble*,  cemented  together  by  another  mineiBl  •ubManee,  which  ■■;  ki 

«  aUiceoua,  CBlcarcoua,  or  argiUaceoii*  nature.    Etym^  om,  tof«hcr,  fk> 
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CoKiPBHa.  An  order  of  plsnU,  bU  of  which  have  discs  in  their  wood  fibres,  b; 
-which  they  are  recogniMd  in  a  fossil  state.  Their  ovnlea  are  naked  (lee 
Gtmnoobns).  Mom  of  the  northern  kinds  bear  the  seeds  in  cones ;  bat  the 
yew  does  not,  dot  do  s  host  of  tropical  and  sooth  temperate  species.  Elynt., 
coniu,  a  cone,  and /era,  to  bear. 

ComoaoNT,  Cosmoloot.  Words  sjnonfmons  in  meaning,  applied  to  speculations 
respecting  the  first  origin  or  mode  of  creation  of  the  earth.  Etym.,  naaitot, 
komioi,  the  world,  and  yimi,  gonte,  generation,  or  Aoyat,  logoi,  disconrse. 

CaiG.  A  proTmcial  name  in  Norfolk  and  Suffolk  for  certam  tertiary  deposiu 
nsually  composed  of  sand  with  shells,  belonging  to  the  Older  Pliocene 

CiUTER.  The  circular  cavityatlhesnmmit  of  a  volcano.  Awn  which  the  volcanic 
matter  is  ejected.     Etgm.,  crater,  a  great  cap  or  bowL 

CBFTtCBODS.     Belonging  to  chalk.     Etgm.,  ereta,  chalk. 

Cbop  Out.  A  miners  or  mineral  inrveyor's  term,  to  eipres*  the  rising  np  or 
eipomre  at  the  surface  of  a  stiatnm  or  series  of  strata. 

Cbust  of  the  Earth.     See  "Earth's  crosL" 

CBUfTACBOTTB.  Animols  having  a  shelly  coating  or  cmtt  which  they  cast  pe- 
riodically.    Crabs,  shrimps,  and  lobsters,  are  examples. 

CHYmxtiiiic.  Asexual,  flowerless,  or  AcoCyledouoos  plants;  a  term  applied  to 
half  the  vegetable  kingdom  in  contradistinction  .10  Phaanogamic,  sexual,  or 
flowering  plants.  It  includes  Fnngi,  Seaweeds,  Lichens,  Mosses.  Ferns,  &c., 
which  have  no  obvious  flowers,  and  no  cotyledons  (seed-lobes)  to  their  spores 
or  seeds.     Etyn.,  nfvrre^,  eruptai.  concealed,  and  T'opii,  ganio»,  marriage. 

CirsTALs.  Simple  minerals  are  frequently  found  in  regular  forms,  with  facets 
like  the  drops  of  cut  glass  of  chandeliers.  Quartz  being  oflen  met  with  in 
rocks  in  such  forms,  and  beaatifiilly  transparent  like  ice,  was  called  nei- 
erytlai,  KpvaraKKot,  cryilaUoi.  being  Greek  for  ice.  Hence  the  regular ybrsu 
of  other  minerals  are  called  crystals,  whether  they  be  clear  or  opaque. 

Cuvn'AUJZED.  A  mineral  which  is  found  in  regular  forms  or  crystals  is  said  to 
be  crystalliied. 

Cnf  STALLiNE.  The  internal  teitnre  which  regular  crystals  exhibit  when  broken, 
or  a  conffased  assemblage  of  ill-defined  crystals.  Loaf-sugar  and  slatnarj- 
marbte  have  a  cryilailiBe  texture.  Sugar-candy  and  calcareous  spar  are 
crystalliied. 

CufBlTKitava.     Copper-bearing.     Ety*.,  mpmni,  copper,  and/mj,  to  bear. 

CfcADiLe.  A  small  and  very  anomalous  order  of  flowering  plants,  chiefly  found 
in  Mexico,  the  East  Indian  Islands,  South  Africa,  and  Australia.  Tliey  are 
Gymnogens  as  to  ovules,  and  neither  Eiogens  nor  Endogens  in  the  wood  of 
their  short,  simple,  or  branched  trunks,  and  they  have  dicotyledonoos  seeds. 
Ttie  leaves  are  pinnated  (like  those  of  cocoa-nut  palms),  and  when  young 
are  rolled  inwards  as  in  Ferrs.  The  wood  fibres  are  curiously  perforated, 
and  marked,  by  which  they  are  recognised  in  a  fossil  stale  as  well  as  by  the 
trunk  and  foliage,  and  the  cones,  which  contain  the  male  flowers.  The  term 
is  derived  from  kuhu,  cycat,  a  name  applied  by  the  ancient  Greek  naturalist 
Tbeophrastus  to  a  palm. 

CrrEHACES.  A  tribe  of  plants  answering  to  the  English  sedges;  they  are  dis- 
tinguished from  grasses  by  their  stems  being  solid,  and  generally  triangnUr, 
innead  of  being  hollow  and  round.  Together  with  Graminea  they  constitute 
what  writers  on  botanical  geography  often  call  gtumacea. 

Dehaci.b.  a  great  rash  of  waters,  which,  breaking  down  all  opposing  harriers, 
carries  forward  the  broken  n-ogmenls  of  rocks,  and  spreads  them  in  its  course. 
Etj/m.,  d^bader,  French,  to  unbar,  to  break  up  as  a  nver  does  at  the  cessation 
of  a  long-con  tinned  frost 

Delta.  WImu  a  great  river,  before  it  enters  the  sea,  divides  into  sepamte  streams, 
tbey  often  diverge  and  form  two  sides  of  a  triangle,  the  sea  being  the  base. 
The  land  included  by  the  three  lines,  and  which  is  invariably  alluvial,  was 
first  called,  in  the  case  of  the  Nile,  a  delta,  from  it*  resemblance  to  the  letter 
<rf  the  Greek  alphabet  which  goe*  by  that  name  A.  Oeologisu  apply  the 
term  to  alluvial  land  formed  by  a  river  at  ito  month,  without  reference  to  it* 
preciae  shape. 

Denudation.    The  carrying  away  by  the  action  of  running  water  of  bd       mof 
the  solid  materials  trfihe  lan^bywbkh  inferior  rock«  are  li^ ' 
dtmdo,  to  lay  bare^ 


Aim  i  l)Dt  in  geoiogj  it  refers  not  only  lo  the  CMt-off  coTering*  of  MiimaU, 
but  to  fossil  shells  and  other  rem&ina  which  animab  have  left  in  the  strata  of 
the  earth.     Eigm.,  tnure,  to  put  off  or  divest 

FALiTNa.     A  French  provincial  name  for  some  tertiary  strata  abotinding  in  ihellg 

in  Tonraine,  which  resemhle  in  lithological  characters  the  "  Crag  "  of  Norfolk 

and  Saffolk. 

Fault,  in  the  language  of  minera,  it  the  sadden  interraption  of  the  coniinnity  of 

strata  in  the  same  plane,  accompanied  by  a  cnck  or  fiasare,  varying  in  width 

^  gg  from  a  mere  line  to  several  feet, 

„^^^=^=a>--^  _  which   is  generally   filled  with 

E  '/M/JM/nhi.  broken  atone,  clay,  &c 

*  //////////////^^^         "^  „r^^^I^^~  """^  ""'*'  "'  *' ''  *"■  ™"" 

~^^!^'^^^^~^:FJ=^^K^/7y^^}?  "  <"»  5  ''""  '  fracture  having  taken 

"^ "^-WW/////////////--.  b  place  at  the  fault  F,  either  by 

BjV.':-':;-v.-.-:.7.:--7b  the  upheaving  of  the  portion  A, 

tj=i==?=Z-zz— ~  or  the  sinking  of  the  portion  B, 

■^  B  the  bed  a  in   B  is  many  feet, 

loirer  than  the  satne  bed  a  in  the  portion  A. 

Facha.  The  various  kinds  of  animals  pecnliar  to  acoimtry  eonatitnte  ita  Fauna, 
as  the  various  kinds  of  plants  conslitnte  its  Ploba.  The  term  is  derived  from 
the  Facsi,  or  rural  deities,  in  Roman  Mythology. 

Felspar.  A  simple  mineral,  which,  neit  to  quarts,  constilntes  the  chief  material  ^ 
of  rocks.  The  white  angnlar  portions  in  praniie  are  felspar.  This  mineral " 
always  contains  some  alkali  in  its  composiliDa.  In  amnrm  /ilipar  the  alkali 
is  potash  i  in  another  variety,  called  Albite  or  Cleavlsndite,  it  is  soda.  Glassy 
felspar  ia  a  term  applied  when  the  crystals  have  a  considerable  degree  of  trans- 
parency. Compact  felspar  is  a  name  of  more  vague  signification.  The  sub- 
stance so  c&lled  appears  to  contain  both  potash  and  soda. 

Felsfathic.    Of  or  belonging  to  felspar. 

FeitBOOiNucs.     Any  thio^  containing  aaa.    Etgtu.,  ferrum,  iron. 

Fissile,  easily  cleft,  dividing  readily  into  aq  indefinite  number  of  parallel  laminiE, 
like  slates. 

Flogte  Rocks.  A  German  term  applied  to  the  secondary  strata  by  the  geologists 
of  that  country,  because  these  rocks  were  supposed  to  occur  most  fi^uently  in 
Sat  horizontal  beds.     Etym.,Jtolz,  a  layer  or  stratum. 

Flooa.  The  varioue  kinds  of  trees  and  plaots  found  in  any  country  constitute  the 
Floba  of  that  country  in  the  language  of  botanists. 

Flijviattle.     Belonging  to  a  river.     £(yin..jlntn't«,  a  river. 

FoBAmniFERA.  A  name  given  by  D'Orbigny  to  a  family  of  microscopic  shell). 
Their  different  chambers  are  united  by  a  small  perforation  or  fomnai. 
Recent  observation  has  shown  that  some  at  least  are  not  Cephalopoda,  as 
D'Orbigny  supposed. 

FoaMAtioN.  A  group,  whether  of  alluvial  deposits,  sedimentary  strata,  or  igneoas 
rocks,  referred  to  a  common  origin  or  pmod. 

Fossil,  All  minerals  were  once  called  fossils,  but  geologists  noir  use  the  word 
only  to  express  the  remains  of  animals  and  plants  found  buried  in  the  eanh. 
Elym.,Jlmilii,  any  thing  that  may  be  dug  ont  of  the  earth. 

FoBBfLlFEBOcs.    Containing  organic  remains. 

Galena.  A  metallic  ore,  a  compound  of  lead  and  Bulphnr.  It  has  often  the 
appearance  of  highly  polished  lead.     Bti/m.,  yntim,  yalto,  to  shine. 

Gaehbt.  A  simple  mineral,  generally  of  a  deep  red  colour,  crystallited ;  most 
commonly  met  with  in  mica  slate,  but  also  in  ^granite  and  other  igneous 

Gahteropohs.  a  division  of  the  Testacea,  in  which,  as  in  the  limpet,  the  fbot  is 
attached  to  the  body.    Etj/m.,  yaarrip.aaiter,  belly,  and  ■*eSa,  poda,  feet. 

Gaitlt.  a  provincial  name  in  the  east  of  &igland  for  a  series  of  beds  i;f  clay  and 
marl,  the  geological  position  of  which  is  between  the  Opper  and  Lower  Green- 

Gavial.    a  kind  of  crocodile  found  in  India. 

Gex,  or  Gbnncle,  fiwn  the  Latin  mma,  a  bnd.  The  term,  applied  to  loophytes, 
means  a  young  animal  not  eonBned  within  an  envelope  or  egg. 
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Melastoma.  a  genus  of  MELAsrroMACEA,  an  order  of  exotic  plants  of  the  ever- 
green tree,  and  shrubby  kinds.  Etynu^  fitXas,  mdcu^  black,  and  arofUL,  atoma^ 
mouth ;  because  the  fruit  of  one  of  these  species  stains  the  lips. 

Mbsottpe.  a  simple  mineral,  white,  and  needle-shaped,  one  of  the  Zeolite 
£unily,  frequently  met  with  in  the  Trap-rocks. 

Metamobphic  Rocks.  A  stratified  division  of  hypogene  rocks,  highly  crystalline, 
such  as  gneiss  and  mica-schist,  and  so  named  because  they  have  been  altered 
by  plutonic  action.    Etym.,  M<va,  meta,  trans,  and  fuip^,  morphe,  form. 

Mica.  A  simple  mineral,  having  a  shining  silvery  surface,  and  capable  of  bemg 
split  into  very  thin  elastic  leaves  or  scales.  It  is  often  called  talc  in  common 
life;  but  mineralogists  apply  the  term  tale  to  a  different  mineral.  The 
brilliant  scales  in  granite  are  mica.    Etym,,  mico,  to  shine. 

3iicA-8LATE,  Mica-schist,  Micaceous  Schistus.  One  of  the  metamorphic  or 
crystalline  stratified  rocks  of  the  hypogene  class,  which  is  characterized  by 
being  composed  of  a  large  proportion  of  mica  united  with  quartz. 

Miocene.  A  division  of  tertiary  strata  interveniog  between  the  Eocene  and 
Pliocene  formations ;  so  called,  because  a  minority  of  its  fossil  shells  are 
referable  to  living  species.  Etym,,  fiuup,  meion,  less,  and  Kotwos,  kainos, 
recent 

MoLASSE.  A  provincial  name  for  a  soft  green  sandstone,  associated  with  marl 
and  conglomerates,  belonging  to  the  Sliocene  Tertiary  Period,  extensively 
developed  in  the  lower  country  of  Switzerland.    Etym.j  French,  mofle^  soft. 

MoLLUscA,  Molluscous  Animals.  Animals,  such  as  shell-fish,  which,  being 
devoid  of  bones,  have  soft  bodies.    Etym,^  moUu,  soft. 

Monad.  The  smallest  of  visible  animalcules,  spoken  of  by  Buffon  and  his  fol- 
lowers as  constituting  the  elementary  molecules  of  organic  beings. 

Monitor.  An  animal  of  the  saurian  or  lizard  tribe,  species  of  which  are  found 
in  both  the  fossil  and  recent  state. 

MoNOcoTYLEDONOus.  A  grand  division  of  the  vegetable  kingdom  (including 
palms,  grasses,  Lilacese,  &c),  founded  on  the  plant  having  only  one  cotyledon, 
or  seed-lobe.    Etym,,  fuwos,  monoa,  single. 

Moraine,  a  Swiss  term  for  the  debris  of  rocks  brought  into  valleys  by  glaciers. 
See  p.  228. 

Moschus.  a  quadruped  resembling  the  chamois  or  mountain  goat,  from  which 
the  perftime  musk  is  obtained. 

Mountain  Limestone,  or  Carboniferous  Lisiestone.  A  series  of  limestone 
strata  of  marine  origin,  usually  forming  the  lowest  member  of  the  Coal 
Measures. 

MoTA.  A  term  applied  in  South  America  to  mud  poured  out  ftrom  volcanos 
during  eruptions. 

Mdltilocular.  Many-chambered ;  a  term  applied  to  those  shells  which,  like 
the  nautilus,  ammonite,  and  others,  are  divided  into  many  compartments. 
Etym.,  multusj  many,  and  loculus,  a  partition. 

Muriate  of  Soda.  The  scientific  name  for  common  culinary  salt,  because  it 
is  composed  of  muriatic  acid  and  the  alkali  soda. 

Mu8ACEE.  A  ftunily  of  tropical  monocotyledonous  plants,  including  the  banana 
and  plantains. 

MuBCBELKALK.  A  limcstonc,  belonging  to  the  Upper  New  Red  Sandstone  group. 
Its  position  is  between  the  Magnesian  Limestone  and  the  Lias.  This  forma- 
tion has  not  yet  been  found  in  England,  and  the  German  name  is  adopted  by 
English  geologists.  The  word  means  shell  limestone.  Etym,,  muscha,  shell, 
and  kalkstein,  mnestone. 

NAPHTnA.  A  very  thin,  volatile,  inflammable,  and  fluid  mineral  substance,  of 
which  there  are  springs  in  many  countries,  particularly  in  volcanic  districts. 

Nenuphar.    A  yellow  water-lily.    P.  618. 

New  Red  Sandstone.  A  formation  so  named,  because  it  consists  chiefly  of 
sandy  and  argillaceous  strata,  the  predominant  colour  of  which  is  brick-red, 
but  containing  portions  which  are  of  a  greenish-grey.  These  occur  often  in 
spots  and  stripes,  so  that  the  series  has  sometimes  been  called  the  variegated 
sandstone.  This  formation  is  divided  into  the  Upper  New  Red  in  which  the 
Muschelkalk  is  included,  and  the  Lower  New  Red  of  which  the  Magnesian 
Limestone  is  a  member. 

Nodule.  A  rounded  irregular- shaped  lump  or  mass.  Etym,,  diminntiTe  fttnodm, 
knot 
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Pkpebino.  An  Italian  name  for  a,  particular  kind  of  Tolcanic  rock,  formed  like 
tuff,  by  the  cementing  together  of  volcanic  sand,  cinders,  or  scoris,  &c 

PBTROLEDiff.  A  liquid  mineral  pitch,  so  called  because  it  is  seen  to  ooze  like  oil 
out  of  the  rock.    Etym,,  petra,  rock,  and  oUum,  oiL 

P&SNOGAMOUS  or  Phaneroouiic  Plants.  A  name  given  hj  Linnieus  to  those 
plants  in  which  the  reproductive  organs  are  apparent  Etym,,  ^wtpos, 
phanerot^  evident,  or  ^aitw,  phaino^  to  show,  and  yttfuas^  9<uno8y  marriage. 

Pbleorjban  Fields.  Campi  Phlegrsei,  or  **  the  Burnt  Fields."  The  country 
around  Naples,  so  named  by  the  Greeks,  from  the  traces  of  igneous  action 
every  where  visible. 

Phonoltte.    See  **  Clinkstone.** 

Partganea.  a  genus  of  four- winged  insects,  the  larvae  of  which,  called  caddis- 
worms,  are  used  by  anglers  as  a  bait 

?HT8ic8.  The  department  of  science  which  treats  of  the  properties  of  natural 
bodies,  laws  of  motion,  &c. ;  sometimes  called  natural  philosophy  and  me- 
chanical philosophy.    Etym,^  4>v<ru,  phyaU,  nature. 

*HYTOLooY,  Phttolooical.  The  department  of  science  which  relates  to  plants — 
synonymous  with  botany  and  botanical.  Elynu,  ^vrovy  phyton^  plant,  and 
Xoyosy  logotf  discourse. 

^HTTOPHAGous.  Plant-eating.  Etym,^  ^vrovj  phyton,  plant,  and  ^oyciy,  phagein, 
to  eat 

^flouTE.  A  stone  possessing  a  structure  like  an  agglutination  of  pease.  Etym^ 
wiaov,  pmrn,  pea,  and  Xt0or,  lithos,  stone. 

'ISTLA.  P.  618.  The  plant  mentioned  by  Malte-Brun  is  probably  the  Pistia 
Stratiotes^  a  floating  plant,  related  to  English  duckweed,  but  very  much 
larger. 

It  Coal.  Ordinary  coal ;  called  so,  because  it  is  obtained  by  sinking  pits  in  the 
ground. 

Itcbstons.  a  rock  of  a  uniform  texture,  belonging  to  the  unstratified  and  vol- 
canic classes,  which  has  an  unctuous  appearance  like  indurated  pitch. 

'ULsnc  Clat.  One  of  the  beds  of  the  Eocene  Tertiary  Period ;  so  called,  because 
it  is  used  for  making  pottery.  The  formation  to  which  this  name  is  applied 
is  a  series  of  beds  chiefly  sands,  with  which  the  clay  is  associated.  Etym,, 
rXaffffu,  pkuso,  to  form  or  fashion. 

IssiosAURUs.  A  fossil  extinct  amphibious  animal,  resembling  the  saurian,  or 
lizard  and  crocodile  tribe.  Etym.,  rhTjaioy,  plesion^  near  to,  and  ffavpa,  iuura^ 
a  lizard. 

liocENE,  Older  and  Newer.  Two  divisions  of  the  Tertiary  Period  which  are 
the  most  modem,  and  of  which  the  largest  part  of  the  fossil  shells  are  of  recent 
species.    Etym,^  irktutr,  pUioHy  more,  and  kcuvos^  kainoa^  recent 

LoTONic  AcnoN.  The  influence  of  volcanic  heat  and  other  subterranean  causes 
under  pressure. 

I.UTONIC  Rocks.  Granite,  porphyry,  and  other  igneous  rocks  supposed  to  have 
consolidated  from  a  melted  state  at  a  great  depth  from  the  surftice. 

iQLTPARiA.  Corals.  A  numerous  class  of  invertebrated  animals,  belonging  to 
the  great  division  called  Radiata. 

OBPHTRT.  An  unstratified  or  igneous  rock.  The  term  is  as  old  as  the  time  of 
Pliny,  and  was  applied  to  a  red  rock  with  small,  angular,  white  bodies  diffused 
through  it,  which  are  crystallized  felspar,  brought  from  Egypt  The  term  is 
hence  applied  to  every  species  of  unstratified  rock  in  which  detached  crystals 
of  felspar  or  some  other  mineral  are  diffused  through  a  base  of  other  mineral 
composition.    Etym.^  wop^vptt,  porphyron  purple. 

^BTLAND  Limestone,  Portland  Beds.  A  series  of  limestone  strata,  belonging 
to  the  upper  part  of  the  Oolite  Group,  found  chiefly  in  England  in  the  Island 
of  Portland  on  the  coast  of  Dorsetshire.  The  great  supply  of  the  building  stone 
used  in  London  is  from  these  quarries. 

oszuoLANA.  Volcanic  ashes,  largely  used  as  mortar  for  buildings,  similar  in 
nature  to  what  is  called  in  this  country  Roman  cement  It  gets  its  name  from 
Puzznoli,  a  town  in  the  Bay  of  Naples,  from  which  it  is  shipped  in  large 
quantities  to  all  parts  of  the  Mediterranean. 

bbcipitate.  Substances  which,  having  been  dissolved  in  a  fluid,  are  separated 
from  it  by  combining  chemically  and  forming  a  solid,  which  falls  to  the 
bottom  of  the  fluid.    This  process  is  the  opposite  to  that  of  chemical  solution. 

SODUCTA.  An  extinct  genus  of  fossil  bivalve  shells  occurrinc  only  ia  tlie  older 
secondary  rocks.    It  is  closely  allied  to  the  living  genus  'Arebntnla. 
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gneiss  are  probably  layers  of  deposition,  which  haye  assumed  a  crystalline 

textare.    See  "  Cleayage. "  Etym,  tchistus,  acy.  Latin,  that  which  may  be  split. 
8cHi8TOSE  Rocks.    See  "Schist" 

ScoRLE.    Volcanic  cinders.    The  word  is  Latin  for  cinders. 
SsAMS.    Thin  layers  which  separate  two  strata  of  greater  magnitude. 
SscoNDART  Strata.     An  extensive  series  of  the  stratified  rocks  which  compose  the 

crust  of  the  globe,  with  certain  characters  in  common,  which  distinguish  them 

fh>m  another  series  below  them  called  primary,  and  from  a  third  series  abore 

them  called  tertiary. 
SacuLAR  Refrigeration.     The  periodical  cooling  and  consolidation  of  the  globe 

from  a  supposed  original  state  of  fluidity  from  heat.     S^eculvm,  age  or  period. 
Sedimentary  Rocks  are  those  which  have  been  formed  by  their  materials  having 

been  thrown  down  from  a  state  of  suspension  or  solution  in  water. 
Selxntte.     Crystallized  gypsum,  or  sulphate  of  lime — a  simple  mineral. 
SsPTARi A.    Flattened  balls  of  stone,  generally  a  kind  of  iron-  stone,  which,  on  being 

split,  are  seen  to  be  separated  in  their  interior  into  irregular  masses.    Etytn., 

9epta,  inclosures. 
Serpentine.     A  rock  usaally  containing  much  magnesian  earth,  ibr  the  most  part 

unstratified,  but  sometimes  appearing  to  be  an  altered  or  metamorphic  stratifi^ 

rock.     Its  name  is  derived  from  frequently  presenting  contrasts  of  colour,  like 

the  skin  of  some  serpents. 
Shale.    A  provincial  term,  adopted  by  geologists,  to  express  an  indurated  slaty 

clay.    Etym^t  German  sehaleny  to  peel,  to  split 
Shkll  Marl.    A  deposit  of  clay,  peat,  and  other  substances  mixed  with  shells, 

which  collects  at  the  bottom  of  lakes. 
Shingle.    The  loose  and  completely  water-worn  gravel  on  the  sea-shore. 
SiLEX.    The  name  of  one  of  the  pure  earths,  being  the  Latin  word  fw  flint,  which 

is  wholly  composed  of  that  earth.     French  geologists  have  applied  it  as  a 

generic  name  for  all  minerals  composed  entirely  of  that  earth,  of  which  there 

are  many  of  different  external  forms. 
SnJCA.     One  of  the  pure  earths.     Etym.,  silent,  flint,  because  found  in  that  mineral. 
Silicate.    A  chemical  compound  of  silica  and  another  substance,  such  as  silicate 

of  iron.     Consult  elementary  works  on  chemistry. 
Siliceous.    Of  or  belonging  to  the  earth  of  flint    Eiym.,  silex,  which  see.    A 

siliceous  rock  is  one  mainly  composed  of  silex. 
SiLiciFiEii.    Any  substance  that  is  petrified  or  mineralized  by  ailiceoua  earth. 
Silt.    The  more  comminuted  sand,  clay,  and  earth,  which  is  transported  by  running 

water.     It  is  often  accumulated  by  currents  in  banks.     Thus  the  mouth  of  a 

river  is  silted  up  when  its  entrance  into  the  sea  is  impeded  by  such  accumulation 

of  loose  materials. 
SoiFLE  Mineral.    Individual  mineral  substances,  as  distinguished  from  rocks, 

which  last  are  usually  an  aggregation  of  simple  minerals.     They  are  not  simple 

in  regard  to  their  nature  ;  fbr  when  subjected  to  chemical  analysis,  they  are 

found  to  consist  of  a  variety  of  different  substances.    Pyrites  is  a  simple 

mineral  in  the  sense  we  use  the  term,  but  it  is  a  chemical  compound  of  sulphur 

and  iron. 
Sinter,  Calcareous  or  Siliceous.    A  German  name  for  a  rock  precipitated  from 

mineral  waters.    Etym.,  aintem,  to  drop. 
Slate.    See  "  Cleavage  "  and  "  Schist" 
SoLFATARA.    A  volcauic  vent  from  which  sulphur,  sulphureous,  watery,  and  acid 

vapours  and  gases  are  emitted. 
Sporules.    The  reproductory  corpuscula  (minute  bodies)  of  cryptogamio  plants. 

EtynLy  ciropa,  tpora,  a  seed. 
Stalactite.    When  water  holding  lime  in  solution  deposits  it  as  it  drops  fVom  the 

roof  of  a  cavern,  long  rods  of  stone  hang  down  like  icicles,  and  these  are  called 

stalactites.     Etym,,  <rraXaCw,  stalazo*  to  drop. 
Stalagmitk.    When  water  holding  lime  in  solution  drops  on  the  floor  of  a  cavern, 

the  water  evaporating  leaves  a  crust  composed  of  layers  of  limestone  :  such  a 

crust  is  called  stalagmite,  from  arakacyiia,  stalagma^  a  drop,  in  opposition  to 

stalactite,  which  see. 
Statical  Figure.    The  figure  which  results  from  the  equilibrium  of  forces.    From 

ffrarot,  statos,  stable,  or  standing  still. 
Stbrndx.    The  breast-bone,  or  the  fiat  bone  occupying  the  ftt>nt  of  the  el 
Stilbite.    a  crystallized  simple  mineral,  usually  white,  one  of  the  Z 

frequently  included  in  the  mass  of  the  Trap-rocks. 
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TiTTA,  CAtcABEoua.  A  poroDi  rock  depoiited  b;  cftleareont  waten  on  thdr 
expcxDTe  to  the  ur,  and  luaslly  containiiig  portioot  of  pUntt  and  other  orgaaie 
•nbManeei  incniiled  with  carbonate  of  Lime.  The  more  lolid  form  of  the  same 
deposit  is  called  "  trarertio,"  into  irhieh  it  ptuei. 

TcF*,  VoLCASic    See  "  Tuff." 

TcPACEOus.    A  rock  with  the  lexfure  of  loiT,  or  tafa,  which  see. 

TcFF,  or  TcrA  Volcanic.  An  Italian  name  for  a  varietj  of  Tolcanic  rock  of  an 
etuthj'  leitare,  seldom  veiy  compact,  and  compoaed  of  an  agglntination  of 
ftagmenti  of  scoria  and  loow  maleri^  ejected  from  a  Tolcana 

TOHBINATED.  Sheila  which  have  a  ipiral  or  icrev-form  itructore.  Elym^  tar- 
bmatai,  made  like  ■  top. 

TCBHiLiTE.  An  ei^ct  genua  of  chambered  ahelU,  allied  to  the  Ammonite*, 
bnving  the  siphancle  near  the  doraal  margin. 


VBDii,  Mtnbbau  Cracka  in  rocks  filled  up  by  aubatances  different  from  the  rock, 
which  may  either  be  earthy  or  mclalUc.  Veina  are  sometimes  many  yards 
wide ;  and  they  ramify  or  branch  off  into  innnmerable  snialler  parts,  often  ai 
slender  as  ihrMda,  like  the  *eias  in  an  animal,  hence  their  name. 

Tkbtebbated  Animals.  A  great  dlTtaion  of  the  animal  kingdom,  including  all 
those  which  are  furoished  with  a  back-bone,  as  the  mammalia.,  birds,  reptile^ 
and  fishes.  Theieparate  joiotsoflbe  back-bone  are  called  jiertebra,fioai  the 
Latin  lerb  vtrlo,  (o  turn. 

Tebicle.  a  small,  circular,  inclosed  space,  like  a  little  bladder.  Etym^  diminnIiT« 
of  Dfjim,  Latin  for  a  bladder. 

Vitrification.    The  conversion  of  a  body  into  glass  by  beat. 

VolXANic  Bonns.  Votcanos  throw  out  aometimes  detached  ma«aea  of  melted  Isra, 
which,  as  ihcy  &11,  assume  rounded  forms  (like  bomb-ahells),  and  are  often 
elongated  into  a  pear  shape. 

Volcanic  Focl  The  subterranean  centres  of  action  in  volcanos,  where  the  heat 
ia  supposed  to  be  in  the  highest  degree  of  energy. 

'Wacbe.    a  rock  nearly  allied  to  basalt,  of  which  il  may  be  regarded  as  a  soft  and 

earthy  variety. 
Wabf.    The  deposit  of  muddy  waten,  artificially  introduced  into  low  lands.    See 

p.  336. 

ZeoLTTB.  a  family  of  simple  minerals,  mcluding  stitbite,  mesotype,  analcime,  and 
some  others,  usually  found  in  the  trap  or  volcanic  rocka.  Some  of  the  most 
common  varietiea  swell  or  boil  up  when  exposed  to  the  blow-pipe,  and  hence 
the  name  of  fw,  zeo,  to  boil,  and  Kitoi,  lilfioM,  stone. 

ZooFHiTES.  Corals,  sponges,  and  other  aquatic  animals  allied  to  them  ;  so  called 
becaose,  while  they  are  the  habitation  of  animals,  the?  are  fixed  to  the  ground, 
and  have  the  forms  of  plaois.    £iyn.,  imtr,  zom,  animal,  and  f  v7oy,  phgum. 
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Andes,  volcanos  of,  346. 
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Andesite,  rock  described,  847. 
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Animals,  extinction  of,  700. 
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676. 

,  influence  of  man  on  their  distribution,  682. 

,  fossil,  in  peat,  caves,  &c.,  722.  725.  730.  732 

749.  752. 

AdIo,  R.,  flood  of  the,  212. 

-i— ,  travertin  formed  by,  244. 
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Antarctic  circle,  area  still  unexplored,  99. 
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Arabian  writers,  17. 
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,  on  solar  radiation,  127. 
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Calcutta,  artesian  well  at,  280. 

Caldcleugh,  Mr.,  on  earthquake  In  Chill,  1835,  453. 

,  on  eruption  of  Coseguina,  849. 

California,  volcanos  in,  349. 
Callao  town  destroyed  by  sea,  502. 

,  changes  caused  by  earthquakes  at,  .V)l.  761. 

Camels,  carcasses  of,  imbedd«i  in  drift  sand.  727. 
Campagna  di  Roma,  calcareoiu  deposits  of,  242. 
Campania,  aqueous  lavas  in,  728. 
Camper,  on  facial  angle,  606. 
Canada,  earthquakes  (irequent  in,  470. 

,  climate  of,  582. 

,  probably  colder  in  newest  tertiary  period,  126. 

Canary  Islands,  eruptions  in,  436. 
Cannon  in  calcareous  rock,  759. 

,  account  of  one  taken  up  near  the  Downs,  726. 

Canoes  drifted  to  great  distances,  661. 

,  fossil,  75ft 

Cape  May,  encroachment  of  sea  at,  332. 

of  Good  Hope,  Icebergs  seen  off,  lU). 

Capocci,  M.,  on  temple  of  Serapis,  518. 

Caraccas,  earthquakes  in,  465.  470. 

Carang  Assam  volcano,  46&. 

Carboukted  springs,  248. 

Carbot  ic  acid,  supposed  atmosphere  of,  248. 

— —  gas,  its  effbcts  on  rocks,  249. 

Carboniferous  series,- 115.  137. 

-~.  era,  predominance  of  fema  in,  87. 

era,  dinute  in,  87. 

—  flora,  knowledge  of,  recently  acquired,  196. 

period,  vast  duration  of,  9tf . 

SeeCoai, 

Cardiganshire,  tradition  of  lou  of  tend  !■ 
Cardium,  locomotive  powan 

q2 


INDEX. 


821 


Craf  strata,  foMilt  of  the,  US. 
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— ,  on  action  of  rain  In  the  tropics,  713. 
De  la  Hire,  on  fossil  wood  from  Ava,  1692,  28. 
Delhi  territory,  elephants  in,  81. 
Delta  of  the  Adige  and  Brenta,  256. 

of  the  Brahmapootra  or  Burrampooter,  275. 

of  the  Ganges,  275  to  284. 

of  the  Mississippi,  268  to  275. 

of  the  Mississippi,  autiquity  of,  271. 

of  the  Nile,  261. 

—  of  the  Po,  256. 

of  Rhone,  in  Lake  of  Geneva,  252. 

of  Rhone,  in  Mediterranean,  258. 

Deltas,  chronological  computations  of  age  of,  253. 285. 
— ,  of  Lake  Superior,  253. 

,  grouping  of  strata  in.  286. 

De  Luc,  his  treatise  on  Geology,  56. 

,  on  conversion  of  forests  into  peat  mosses,  721. 

De  Luc,  M.  G.  A.,  his  natural  chronometers.  726. 
Deluge,  ancient  theories  on,  18.  23.  25.  31. 42.  155. 

,  fossil  shells  referred  to  the,  20. 

Deluges,  local,  how  caused,  7.  269. 

,tradiUonsofdiflferent,7. 11. 42. 331. 3561  500,601. 

DeroaiUet,  speculative  views  of,  572. 

Denudation  can  only  keep  pace  with  deposlttoB,- 

154. 

,  eCRscts  of,  708. 

Deposition  of  sediment,  shifting  of  tlM  m 

188. 
and  denudation  parts  of  the  same  prooMf 
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Erratic  blockf ,  fubmarine,  laid  dry  by  upbearal,  239. 

Empcions,  Tolcanic,  number  of  per  jear,  450. 

^^  cauie  of,  S33. 

Eragebirfe,  mica  slate  of  the,  48. 

Eaeher,  M^  on  flood  in  Tallej  of  Bagnei,  Sll. 

Etchicholts  Bay,  foasilf  of,  81. 

Esaex,  tertiary  strata  of,  76. 

~— ,  inroads  of  sea  on  coast  of,  31 1 . 

Estuaries,  bow  formed,  327.  337. 

,  Imbedding  of  freshwater  species  in,  768. 

Etna,  description  of  and  its  eruptions,  896.  to  434. 
«»— ,  towns  OTcrflowed  by  lara  of,  400.  729. 
— — .^  subterranean  carems  on,  401. 

,  a  glacier  under  lava  on,  412. 

^— ,  marine  formations  at  Its  base,  401. 

,  antiquity  of  cone  of,  422. 

Buganean  Hills,  lavas  of,  8A9. 

Euphrates,  delta  of  adrancing  rapidly,  284. 

Euxloe  burst  Its  barrier,  according  to  Strabo,  14. 

»— ,  gradually  fllling  up,  14. 

— '.  Sie  Black  Sea. 

Evaporation,  water  carried  off  by,  260.  294. 334. 

— ^,  currents  caused  by,  394. 

Everest,  Rev.  R.,  on  climate  of  fossil  elephant,  81. 

,  on  sediment  of  Ganges,  281. 
Excavation  of  valleys,  4A8. 
Expansion  of  rocks  t»y  heat,  560. 
Extinction  of  species,  6B7.  701. 
of  animals,  700  702. 


F. 


Fablo  Colonna,  38. 
Facial  angle,  606.  . 

Fair  Island,  action  of  the  sea  on,  SOI . 
Falconer,  Dr.,  on  fossil  quadrumana,  144. 

on  crocodiles  of  Ganges,  277. 

on  peat  near  Calcutta,  280. 
Falconi  on  elevation  of  coast  of  Bay  of  Balse,  367. 
Falkland  Islands,  quadrupeds  of,  141.  635. 
Falli>ppio  on  fossils,  21. 
Falls  of  NUgara.  214. 
-.— .  of  St.  Mary,  254. 
Faluns  of  Touraine,  M& 
Faraday,  Mr.,  on  water  of  the  Geysers,  246L 
-— ,  on  slow  deposition  of  sulphate  of  baryta,  343. 
^— ,  on  electric  currents  in  the  earth,  543. 

on  metallic  reduction  by  voltaic  agency,  548. 

on  liquefaction  of  gases,  660. 
Faroe  Islands,  deposits  forroingtnear  the,  774. 
Farquharson,  Rev.  J.,  on  floods  In  Scotland,  208. 
.— ,  on  formation  of  ground  Ice,  222. 
Fauiu.  on  Velay  and  VivaraU,  1779,  48. 
FaulU,  162. 

Fauna  formerly  as  diverslfled  as  now,  160. 
— — ,  arctic,  described  by  Sir  J.  Richardson,  634. 
Felspar,  decomposition  of,  247. 
Ferrara  on  lavas  of  Etna,  283. 
-.— ,  on  floods  on  Etna,  412. 
_— ,  on  earthquake  in  Sicily,  471. 
Ferruginous  springs,  247. 
Fes,  earthquakes  in,  358. 
Fife,  trap  rocks  of,  161. 
^— -,  coast  of,  submarine  forests  on,  303. 
— .,  encroachments  of  sea  on,  303. 
Findhom  town  swept  away  by  sea,  302. 
Fish,  their  distribution,  and  migrations,  616. 
.._,  fossil,  745. 

«— ,  fossil  of  coal  formation,  136. 
FUsures,  sulphur,  ftc,  ejected  by,  470. 
— — ,  caused  by  Calabrian  earthquake,  479. 480.  481. 
— .,  caused  by  earthquake  near  New  Madrid,  468. 
— ,  preservation  of  organic  remains  in,  732. 
Fittoa,  Dr..  on  history  of  English  geology,  51. 
Fits Jloy,  Capt.,  on  earthquake  in  Chill,  1885,  453. 
455. 
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Flamborougb  Head,  waste  of,  808. 

Fleming,  Dr.,  on  uniformity  in  climate,  74. 

— ,  on  fossil  elephant,  76. 

,  on  submarine  Ibrests,  803. 

— -,  on  rapid  flight  of  birds,  644. 

,  on  turtles  taken  on  coast  of  EngUmd.  641^ 

— ,  on  changes  hi  the  animal  kfaigdom  caused  by 
man,  683. 

— — .  on  stranding  of  cetacea,  771. 

Flinders  on  coral  reefs,  776.  791 . 

Flint  on  course  of  Mississippi,  Ac,  264.  265. 

,  on  earthquakes  In  Mississippi  valley,  466L 

Floods,  by  bursting  of  lakes,  269. 

,  in  North  America,  209. 

,  in  valley  of  Bagnes,  21  a 

— ',  in  Scotland,  307.  750. 

— ,  traditions  of,  499.  501. 

,  causes  which  may  give  rise  to,  156. 

.atTivoli,  211. 

,  caused  by  melting  of  snow  by  lava,  848.  411. 

— .  Ste  Deluge. 

Flysch,  of  the  Alps,  eocene,  124. 

Koikstone,  subsidence  of  land  at,  316. 

Fontenelle,  his  eulogy  on  Pallssy,  23. 

Foot-msrks,  fossil,  in  North  America,  136. 

Forbes,  Prof.  E.  on  glacial  epoch,  86. 

,  on  fossils  of  tertiary,  184. 

,  on  new  island  In  Gulf  of  Saatorin.  443.' 

— ,  on  regions  of  depth  In  JEgean  Sea,  649. 

— — ,  on  migration  of  mollusca,  631. 

,  cited,  703. 

Forbes,  Prof.  J.  D.,  oo  glacier  motion,  224. 

,  on  rate  of  flowing  of  lava,  378.  400. 

,  on  temple  of  Serapis,  515.  517. 

Forchhammer,   Dr.,  ou  boulders  drifted  by  ice, 
231. 

— ,  on  peat.  7 19. 

Forests,  Influence  of,  712,  718.  715.  ^ 

,  sites  of,  now  covered  by  peat,  720. 

,  destroyed  by  insects,  717. 

,  submarine,  303.  323.  746. 

,  submerged.  In  Columbia  R.  by  land-slides,  215. 

Forfarshire,  waste  of  coast  of,  302. 

,  marl  lakes  of,  766.  797. 

Forshey,  Mr.,on  Mississippi.  264.  271. 
Forster,  Mr.,  on  coral  reefs,  779. 
Forsyth  on  climate  of  Italy,  395. 
Fortis  cited,  42. 
— — ,  views  of  Ardulno  coofirmed  by,  48. 

and  TesU  on  fossil  fish,  44. 

Fort  WUliam,  near  Calcutta,  artesian  well,  280. 
Fossillferous  formations,  breaks  In  the  series,  180. 
Fotsilisation  of  organic  remains  on  emerged  land 
718.  77b. 

,  in  peat  mosses,  722. 

— — ,  iu  caves  and  flssures,  732. 

,  in  alluvium  and  landslips,  730. 

,  in  volcanic  formations  on  land,  349.  728. 

— -,  subaqueous  deposits,  742.  753. 

-^,  In  marl  lakes,  752. 

Fossils,  early  speculations  concerning  their  nature, 

19,  24  to  27. 
»— ,  distinctness  of  secondary  and  tertiary*  119. 
>— ,  mammiferous  of  tertiary  eras,  I37<  140. 

,  why  distinct  In  successive  groups,  19(1 

.  Ste  Organic  Remains. 

Fossil  trees,  upright  position  of  some,  91. 

Fourier,  Baron,  on  temperature  of  spaces  surround* 

ing  our  atmosphere,  108. 

,  on  central  heat,  127. 

,  ou  radiation  of  heat,  127. 

Fox,  Mr.,  on  heat  In  mines,  538. 

-^->,  on  electric  currents  in  the  earth,  543. 

France,  waste  of  «>ast  of,  824. 

— .-,  caves  of,  738. 

Franconia,  eaves  of,  736L 

Franklm  oo  a  whirlwind  In  MArjlaoi, 
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Heat,  whether  gradual  decline  of.  in  globe,  129. 

,  expansion  of  rocks  by,  f»6l. 

Heber,  Bishop,  on  animals  of  Himalaya,  81. 
HecU,  columnar  basalt  of,  48. 

,  eruptions  of,  424. 
Helens,  St.,  bounded  bj  lofty  shores,  622. 
Heligoland,  inroads  of  sea  on,  329. 
Helix,  range  of  species  of,  6iM). 
Henderson  on  eruption  of  Skaptar  Jokul,  1783, 425. 
Henderson's  hiand  described,  788. 
Henslow,  Rer.  Prof.,  on  the  cowslip,  590. 

,  GO  diffusion  of  plants,  624. 
Herbert,  Hon.  Mr.,  on  varieties  and  hjbrids  in  plants, 

A90.605. 
Herciilaneum,  385.'389. 
Heme  Bay,  waste  of  difb  io,  312. 
Herodotus  dted,  8.  261. 
Herschel,  Sir  J.  F.  W.,  on  varying  beat  received  by 

the  two  hemispherei,  100. 
^— .  on  attronomkal  causes  of  changes  in  climate, 

r/6. 
— ^  on  variable  splendour  of  stars,  128. 
•^— ,  on  the  trade  winds,  297. 
— ^,  on  height  of  Etna,  396. 
«— >,  on  form  of  the  earth,  684.  * 
^— ,  on  Geysers  of  Iceland,  5.^5. 

t  on  the  effects  of  heat  on  seeds,  621. 
1^—,  on  the  author's  theory  of  climate,  92. 
Herschel,  Sir  W.,  on  the  elementary  matter  of  the 

earth,  533. 
Hewett,  Capt.,  on  rise  of  tides,  291. 

,  on  currents,  299. 
~— ,  on  banks  in  North  Sea,  308.  340. 
Hibbert,  Dr.,  on  the  Shetland  Islands,  299.  300. 
Hilaire,  M.  Geof.  St.,  on  animal  kingdom,  567. 
Himalaya  mountains,  animals  inhabiting  the,  81. 
—— ,  height  of  perpetual  snow  on,  112. 
Hindoo  cosmogony,  4. 
—  town  buried,  731. 
Hindostan,  earthquakes  in,  494. 
Hippopotamus  indicates  warmth  of  river,  76. 
Hitchcock,  Report  on  Geol.  of  Massachusetts,  137. 
HoCr,  Von,  on  level  of  Caspian,  18. 
•— ,  on  encroachments  of  sea,  331, 332. 
^^,  on  earthquakes,  358. 

,  on  human  remains  in  delta  of  Ganges,  757. 

-^— ,  on  a  buried  vessel,  758. 
Hoffmann,  M.,  on  lavas  of  Vesuvius,  379. 

,  on  Etna,  415,  416. 

Holland,  gradual  sinking  of  coast,  327. 
'^—,  inroads  of  sea  in,  328. 

,  submarine  peat  in,  770. 

Hooke  on  duration  of  species,  27,  28. 

— —  on  earthquakes,  27.  29.  508. 

Hooker,  Dr.  J.,  on  icebergs  in  antarctic  seas,  229. 

.>— ,  on  tropical  plants,  614. 

.^— ,  floras  of  islands  in  Southern  Ocean,  615. 

«— ,  on  flora  of  Galapagos  Islands,  616. 

,  OQ  wide  range  of  certain  plants,  618. 621.  623. 

«— ,  on  delta  of  Ganges,  279. 

,  on  rain  in  India,  200. 

Hooker,  Sir  W..  on  eruption  of  Skaptar  Jokul,  425. 

^^—t  his  view  of  the  crater  of  the  great  Geyser,  554. 

^— ,  on  drifting  of  a  fox  on  ice,  680. 

Hopkins,  Mr.,  on  glacier  motion,  224,  225. 

<^— ,  on  thickness  of  earth's  crust,  636. 

Hopkins.  Mr.,  on  astronomical  causes  of  change  of 

climate,  128. 

. ,  OD  changes  of  climate,  93. 

,  on  earthquakes,  458. 
,  on  M.  E.  de  BeaiunoBt's  theory  of  mountain 

chains,  170. 
Hordwell,  loss  of  land  at,  318. 
Horser,  Mr.,  on  brine  springs,  247. 
— — ,  on  submarine  forest  in  Somersetshire,  823. 
^— >,  dissertation  on  coal,  91 . 
Horsburgh,  Capt,  oo  ioelMrgs  in  low  latitudes,  99. 


Horsburph  on  coral  islands.  7ft2.  7«7. 

Horses  drowned  in  rivers  in  South  America,  7W. 

Horstleld,  Dr.,  on  earthquakes  in  Java,  471.  494. 

.  on  distribution  of  MydauM  melicep*  in  Java, 

638. 
Hubbard,  Prof.,  cited,  210. 
Hue,  on  Yaks  frozen  in  ice  in  Thibet,  85. 
Human  race  geologically  modem,  660. 
Human  remains  in  peat  mosses,  722. 
— •,  In  caves,  735,  736.  789., 

,  their  durability,  147.  757. 

in  delta  of  Ganges,  757. 

.—  in  calcareous  rock  at  Guadeloupe,  757. 

—  in  breccias  in  the  Morea,  735. 
Humber,  warp  of  the,  288. 

,  encroachment  of  sea  in  its  estuary,  304. 

Humboldt  on  laws  regulating  diflbsion  of  heat,  93. 
—T-*  on  preservation  of  animals  in  frosen  mud,  86. 

—  on  distribution  of  land  and  sea,  109. 

'—  on  transportation  of  sediment  by  currents,  342. 

,  his  definition  of  volcanic  action,  845. 

on  mud  eruptions  in  the  Andes,  348. 

«— -  on  volcanic  eraptlons  in  Tartary,  355. 

.——  on  eruption  of  Jorullo,  428. 

on  earthquakes,  466.  470. 

on  distribution  of  species,  613, 614. 

on  migrations  of  animals,  644.  656.  685. 

cited,  8.  77.  84. 

on  earthquake  in  New  Madrid,  46G. 

on  earthquake  of  Lisbon,  496. 

on  mud  Volcanos,  448. 

Humboldt,  W.  von,  on  dawn'of  oriental  civilization, 
658. 

Humming-birds,  distribution,  &c.,  97.643. 

Hunter,  John,  on  mule  animals,  601 . 

Huron,  Lake,  recent  strata  of,  768. 

Hurricanes  connected  with  earthquakes,  731. 

,  plants  drifted  to  sea  by,  745. 

Hurst  Castle  shingle  bank,  318. 

Hutchinson,  John,  his  "  Moses's  Principia,"  33. 

Hutton,  distinguished  geology  from  cosmogony,  8. 

on  igneous  rocks  and  granite,  51 . 

represented  oldest  rocks  as  derivatives,  69. 

Huttonian  theory,  50.  57. 

Hybrid  races,  Lamarck  on,  672. 

animals,  600. 

plants,  602. 

Hydrogen,  deoxidating  power  of,  547. 

.— ,  flame  of,  seen  in  eruption  of  Vesuvius,  378. 

,  why  not  found  in  a  separate  form  among  vol- 
canic gases,  548. 

Hydrophytes,  distribution  of,  617.  623. 

Hydrostatic  pressure  of  ascending  lava,  416.  568. 

Hypogene  rock^,  178. 

Hyracotherlum,  Eocene  mammifer,  148. 

Hythe,  encroachments  of  sea  at,  816. 
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lantkinafragtVs,  its  range,  &c.,  650. 

Ice,  animals  imbedded  in,  83. 

Ice  of  rivers,  transporting  power  of,  219. 

,  drift,  Influfnce  of,  on  temperature.  96. 

,  predominance  of,  in  antarctic  circle,  98. 

,  formation  of  field,  107. 

,  transportation  of  rocks  by,  166.  219.  521. 

Icebergs,  formation  of,  96,  97. 

,  distance  to  which  thej-  float,  100.  227. 

,  limits  of  glaciers  and,  228. 

,  plants  and  animals  transported  by,  GS9. 

,  action  of,  when  stranded,  228. 

,  rocks  transported  by.    See  Ice. 

,  floating  in  Northern  hemisphere,  86. 

,  not  all  formed  by  glaciers,  ns. 

Iceland,  icebergs  stranded  on,  97. 
,  geysers  of,  246.  558, 566. 
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n  springs.  7 10.' 

ure  of  geology,  ronarki  OD,  IW. 

jtfteorciiflkor.aos. 

of  land  on  coast  of.  306. 

e,  drift  wood  on,  74A. 

erland,  land  destroyed  by  sea  to,  SOS. 

ee  from  earthquakes,  &S1. 

•f  land  in,  192.  5S7.  529. 

nee  situated  on  an  arm  of  the  sea,  807* 

^rag,  fossils  of,  143. 

ia,  rise  of  tides  in,  333. 

ic  limestone,  184. 

emple  of,  under  water,  U6. 

!w  island  formed  Id  1783, 485. 488. 


O. 


Msils  on  shores  of,  81. 

man-ncy  of  its  level,  518. 

a  tertiary  strata  of  Italy,  43. 

iscoveries  of,  543. 

eluge,  349.  356. 

;Uon  of,  with  Missittippi,  864. 

ir.,  on  raised  sea  beaches  in  Ireland.  188. 

.ndstone  formation,  fossils  of;  136. 193. 

indfltone,  reptile  in,  135. 

Msil  remains,  23. 

/Arabian  writer,  17. 

«ake,  distance  from  Niagara,  816. 

siisofthe,  137. 

ucture,  recent,  in  Lancerote,  &c.  439. 

Mig,  change  of,  to  man,  575. 

M.  A.  de,  on  Pampeaa  mud,  170. 

emains,  controversy  as  to  real  nature  of, 

adding  of.    Set  Fossilitation. 

»rtance  of  the  study  of,  60. 

pt  transition  from  those  of  the  secondary  to 

the  tertiary  rocks,  120. 

also  Fossils, 
•hilosophers,  10. 
'^sroogony,  7. 
(lands,  waste  of,  301. 
*^ew,  ground  sinking,  268. 
ks  of  trees  in  soil  of  delta,  868. 
reccias.  735,  736.  741. 
coral  reefs  of,  784. 786. 
aried  Indian  city,  729. 
has  filled  up  an  arm  of  the  S«i.  744. 
i,  10.  845. 

of.,  on  bones  of  turtles,  778. 
lie  dog  and  wolf,  584. 
ertiary  mammalia,  148. 144. 
ad,  184. 

a  of  mammoth,  78. 

Iritisb  fossil  mammalia  and  birds,  137. 
.787. 

kc,  thrown  ashore  alive  by  storm,  773. 
rations  of,  652. 


P. 


^ean,  depth  of,  104. 

leight  above  the  Atlantic,  294. 

ildence  greater  than  elevation  In.  787. 

1  and  volcanic  islands  of.  354.  776.  78a  787. 

rtum  of  Isle  of  Wight.  142. 

shaken  by  earthqoakes,  355. 

I  organic  remains,  23. 

mountains  of  Siberia,  45. 

iaspian  Sea,  45. 

«sil  bones  of  Siberia,  45. 78. 80. 

1,133. 

ir.,  on  shingle  beaehet,  316. 380. 


Palms,  rart  In  carboniferous  group,  88. 

Pampas,  gradual  rise  of.  170. 

Panama,  tides  In  Bay  of,  295. 

Papandayang,  eruption  of.  498. 

-^.  its  oooe  truncated,  493. 

Papyrus  rolls  in  Herculaneura,  898. 

Paradise,  Burnet  on  seat  of,  32. 

Parana,  R..  animals  drifted  down  on  rafts  by,  641. 

— — ,  animals  drowned  in.  696. 

Paris  basin,  formations  of  the,  181. 

,  fossils  of  the,  148. 

Parish,  Sir  W.,  oa  inroada  of  sea  during  aarthquakett 

499.508. 
<— ,  on  drifting  of  animals  on  floating  rafts,  641, 

,  on  great  droughts  in  S.  America,  696. 

,  on  floods  of  Parana  R.,  751. 

Parma,  tertiary  strata  near,  74. 

Paroxysmal  energy  of  ancient  aauaM  ooakrovertad, 

174. 
Parrot,  on  Caspian  sea,  157. 
Parrots  near  Cape  Horn,  97. 
Parry.  Captahi,  highest  northern  latitude  reached 

by.  98. 
— ^,  on  migration  of  polar  bear,  689. 

,  on  animals  of  Melville  Island,  640. 

Patagonia,  tides  on  coast  oU  891. 

Paviland  cave.  737. 

Peat  In  delta  of  Ganges,  880. 

<— ,  on  preservation  of  fossils  in,  711. 718. 788. 

,  distribution  of,  719. 

,  bogs  bursting  of,  724. 

— >,  submarine,  785. 

Peat  of  Oreat  Dismal  Swamp,  Virginia,  784. 

Pembrokeshire,  loss  c^  land  in,  824. 

Penco  destroyed  by  earthquake,  490l 

— ,  elevation  near,  500. 

Pennant  on  waste  of  Yorkshire  coast,  804. 

,  on  m'igratlon  of  animals,  77. 631. 637. 

Pentagonal  network  of  mountain  cliaini,  M.  E.  da 

Beaumont  on,  170. 
Penzance,  loss  of  land  near,  833« 
Permian  rocks,  reptiles  in,  186. 
P#ron  on  distribudon  of  species,  646. 
Perrey,  M.  Alexis,  on  frequency  of  earthquakes  in 

winter,  561. 
Persaln  Gulf,  coral  in,  776L 
Peru,  volcanos  In,  347. 

,  earthquakes  in,  347.  501. 

Perurian  tradition  of  a  great  flood,  8.  508. 

Peterhead,  whale  stranded  near,  771. 
Phasrolotherhtm  Bucklandi,  139. 

Philippi,  Dr.  A.,  on  fossil  tertiary  shells  of  Sicily,  188. 

Phillips,  Bir.  J.,  on  waste  of  Yorkshire  coaat,  804. 

Phlegrsean  fields,  volcanoa  of,  878. 

Physical  Geography.    Set  Geography. 

Pietra  Mala,  Inflammable  gas  of,  11. 

Pigs,  instincts  of,  595. 

-^  swim  to  great  distances,  636. 

,  fossil,  722. 

Pilla,  M.,  on  Monte  Sonoma,  388: 

Pindar  cited,  398. 

Pingel,  Dr.,  on  sulMidence  of  Greenland,  680. 

Pisolitic  limestone  of  France,  120. 

Pitch  lake  of  Trinidad,  26a 

Piants,  carboniferous,  wide  geographical  range,  160. 

,  varieties  In,  produced  by  horticulture,  588. 

_,  extent  of  variation  In.  589. 

,  their  geographical  distribution,  97.  118. 613. 

,  dispersion  of,  618. 

,  stations  of,  614.  669. 

-,— ,  equilibrium  amotig,  kept  up  by  insects,  678. 

.  number  of  terrestrial,  706. 

,  imbedding  of,  in  subaqueous  deposits,  748.  766. 

770. 

— ,  on  number  wliich  are  now  beconlng  fMsO, 
745. 

,  minerallsatloD  of,  747. 
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es,  fottil,  in  old  red  landctooe,  135. 

I  coal,  136. 

,  R.,  description  of  iti  eourte,  8S5. 

:•  delU,  326. 

iff  madp  of  siliceous  ciues  of  inAuoria,  388. 

ceroB,  fotdl,  food  of,  80. 

,  delta  of,  in  Mediterranean,  25& 

flu  of,  in  Lake  of  Geneva,  189.  252.  286. 

cposits  at  its  conflufnce  with  the  Arre,  2^8. 

cannon  in  calcareous  rock  in  its  delta,  759. 

dson,  Sir  J.,  on  rocks  near  Mackenzie  Rirer, 

n  sheep  of  Rocky  Mountains,  597. 

n  distribution  of  animals,  640.  645. 

n  drift-timber,  in  Slave  Lake,  744. 

>n  arctic  fauna.  634. 

>n  diffusion  of  fish,  647. 

<n  isothermal  lines,  94. 

-dson,  Mr.  W.,  on  Heme  Baj,  31 S. 

I,  Dr.,  on  sediment  of  Miuissippi,  272. 

M.  de  la,  on  terrestrial  magnetism,  543. 

ice.  carrying  power  of,  219. 

,  difference  in  the  sediment  of,  189.  258* 

inuoslties  of.  206. 

ubmarine,  in  Thessalj,  Ac,  357. 

rhen  confluent,  do  not  occupy  bed  of  propor- 

Uljr  larger  surface,  S07. 

t.  M.,  on  geysers  of  Iceland,  246. 

tson,  Capt.,  on  mud  volcanos,  449. 

II  bank,  recent  deposits  on,  774. 
,  specific  gravity  of,  206. 

liflerence  in  texture  of  cider  and  newer,  I75« 

Itered  bj  stibterranean  gases,  249. 

•rigin  of  the  primary,  176. 

tersistency  of  mineral  character  in,  157. 

ilder,  why  most  solid  and  disturbed,  162. 

cUon  of  frost  on,  221 .  231 . 

ransportation  of.  by  ice,  155.  219. 

^ooved  by  glacial  action.  155.  227.  229« 

s,  Prof.,  on  Appalachain  chain,  559. 

n  roads  under  water  In  Bay  of  Bale,  517. 

ey  Marsh,  gained  from  sea,  316. 

M.  G.,  on  hornblende  and  augite,  449. 

Sir  J.,  on  cold  of  antarctic  regions,  99. 

»Duiined  soundings  at  depth  of  37,600  feet,  104. 

»nfirms  Cook  as  to  antarctic  ice,  125, 

m  icubergs,  9i$.  229. 

erg,  slide  of  the,  732. 

on  of  the  earth,  currents  ctoscd  by,  296. 

r  crops,  670.  720. 

r,  River,  vessel  found  in  its  old  bed,  316.  758. 

,Mr..81. 

of  Cutch  described,  463. 

•rmerly  destroyed  by  sea,  316. 


S. 


ruck,  reptiles  in  coal  strata  at,  136. 

!,  Capt.,  on  well  at  Chiswick,  334. 

>n  waters  of  Amaion  discolouring  the  sea,  342. 

i.  Col.,  on  solar  magnetic  period,  129.  544. 

la,  island  of,  432. 

R.,  flood  on,  209. 

anpore,  buried  town  near,  731. 

idrew's,  loss  of  land  at,  303. 

{un-barrel,  fossil,  near,  760. 

MDingo,  hot  springs  caused  by  earthquake  in 

foMii  human  skeleton  In,  756, 

dena,  tide^  at,  291. 

igo,  earthquake  at,  457. 

itherine's  Docks,  a  fossil  vessel  found  in,  758. 

iwrence.  Gulf  of,  earthquakes  in,  470. 

rocks  drifted  by  ice  in  the,  280. 

lora,  earthquakes  in,  474. 

kbael,  illiceotts  ipriop  o^  246. 


St.  Michael's  Mount,  323. 

St.  Paul,  Tolcanic  isUnd,  446. 

St.  Vincent's,  volcanos  of.  466. 

,  counter  currents  in  the  air  proved  by  empUoo 

in,  106. 

,  boa  constrictor  conveyed  on  driftwood  to,  646. 

Salt,  on  its  deposition  in  the  Mediterranean,  334. 

Salt  springs,  18.  247. 

Saltholm,  island  of,  520. 

Samothracian  deluge,  356. 

Sand  bars  along  western  coast  of  Adriatic,  357. 

,  drift,  estuaries  blocked  up  by,  307. 

,  imbedding  of  towns,  Ac.  iu,  726. 

,  cones  of  thrown  up  during  earthquake,  483» 

'Sandown  Bay,  excavated  by  sea,  318. 
Sandwich  Islands  volcanos,  364.  372.  883.  429.  648. 

553. 
Sandwich  Land,  perpetual  snow  to  levd  of  sea.beach 

in,  99. 
San  Filllppo.  travertin  of,  341. 
San  Lio,  on  Etna,  fissures  in  plain  of,  899. 
SanU  Maria,  island  of,  raised  10  feet,  456. 
Santorin,  geological  structure  of,  445. 

,  chart  and  section  of,  443. 

,  new  islands  in  Gulf  of,  441. 

Saracens,  learning  of  the,  17. 
Saussure  on  the  Alps  and  Jura,  45. 

,  on  glaciers  in  Alps,  323. 

Savanna  la  Mar,  swept  away  by  sea,  731. 
Sazicttva  n$gosa,  cosmopolite  shell,  65a 
Scandinavia  railed  an  island  by  the  ancients,  520, 

,  gradual  rise  of,  530.  563. 

See  Sweden. 

Scania,  gradual  subsidence  of,  530. 
Scacchi,  Sig.,  on  temple  of  Serapis,  516, 

,  on  origin  of  Monte  Nuovo,  37L 

Scheuchser,  his  theory,  1708,  33. 
Schmerling.  Dr.,  on  fossils  in  cares,  737. 
Schwabe,  M.,  on  spots  in  the  sun,  189.  544, 
Sciacca,  island  of.    See  Graham  Island. 
Scilla  on  organic  remains,  1670,  24. 
Scilia,  rock  of,  4S8. 
Scoresby,  Capt.,  on  the  gulf  stream,  96. 

,  on  formation  of  field  ice,  108. 

,  on  weight  of  rocks  transported  by  icebergs,  227. 

,  cited,  639.  743. 

Scotland,  floods  in,  307.  750. 

.  colder  climate  indicated  by  newest  tertiarj 

straUof,  126. 

,  waste  of  Islands  and  coast  of,  898. 

,  slight  earthquakes  felt  in,  358. 

,  peat-mosses  of,  730.  723. 

,  marl  lakes  of.  752.  766.  770. 

Scrope,  Mr.  G.  P.,  on  eruption  of  Vesuvius  In  1822, 

375. 

,  on  columnar  basalts  of  Vesuvius.  385. 

— .,  on  pisolitic  globules  at  Pompeii,  887. 

,  on  eruptions  of  Etna,  408  410. 

.  on  cause  of  convexity  of  plain  of  Bfalpais,  429. 

,  on  connection  between  state  of  atmosphere  and 

earthqiukes,  561. 
Sea  does  not  change  its  lerel,  but  land,  15, 

,  its  influence  on  climate,  97. 

,  area  covered  by,  124. 

,  its  encroachment  on  coasts,  298.  303.  334. 

.— ,  its  rise  and  retreat  during  earthquakes,  497, 

Sea-beaches  raised,  in  Ireland,  132. 

.^— ,  progressive  motion  of,  316. 

Seals,  migration  of,  643. 

Sea-weed,  banks  formed  by  drift,  633. 770. 

Secondary  rocks,  fossils  of  the,  86. 

.  origin  of  the,  1 17. 

Sedgwick,  Professor,  on  the  Harts  mountains,  48, 

,  on  tertiary  deposits  of  the  Alps,  119. 

— .-.,  on  the  antagonist  power  of  Tegetation,  711. 

,  on  organic  remains  In  fissures,  740. 

,  on  diluvial  waves,  40. 
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,  buried  city  of,  393. 

nlte  alteniating  with  mlluriuni  in  caves,  737 . 

rariable  splendour  of,  12S. 

1  figure  of  the  earth,  tU.  544. 

s  of  plants,  description  of,  614. 

animals,  C7r7. 

i  on  organic  remains,  23. 

opinions  of,  S8. 

nson  on  eruption  in  Iceland,  4SS. 

oson,  Mr.,  R.  on  lerel  of  .Red  .Sea  and  Medl- 

nean,  294. 

son,  Mr.,  on  drift  stones  on  Bell-rock,  803. 

D  the  German  Ocean,  316.  840. 

0  waste  of  clifll^  334. 

olm,  rise  o#  land  near,  536, 587. 
,  Mr.,  on  mineralisation  of  plants,  747. 
field,  fossiU  of,  \».  145. 
of  NoTember,18a4,  effect  of,  317, 318.  320. 
cited,  14.  S60. 35&  861, 
eology  of,  14. 

!7,  Capt.  R.,  on  dalu  of  Ganges,  383. 
of  DoTer,  formanon  of,  315. 
leir  depth,  315. 

of  Gibraltar,  currenU  in,  &c.,  33S.|335. 
laws  governing  deposition  of,  188. 
ow  deposition  o<;  prored  by  fossils,  154. 
n  consolidation  of,  17& 
cations  in  deltas,  causes  of,  387. 
d€bris  deposited  by  currenU,  388. 
oconformable,  inferences  derired  from,  187. 
,  hypothesis  of;  14. 

and,  Mr.,  on  tertiary  strata,  Cropthom,  76. 
n  dodo,  684. 

>oli,  its  appearance  during  Calabrian  earth- 
M,488. 

onstancy  in  eruption,  546. 561. 
jets  of  steam,  in  Tolcanic  regions,  237.  546. 
bury,  Bfr.,  on  coral  islands,  778.  782. 
lenine  strata,  74. 
■rly  lulian  geologists  on,  43. 70. 
trine  forests,  303. 323.  746. 
«at,  724. 770. 
iTers,  357. 
olcanos,  431.  454. 
ruptions  in  mid  Atlantic,  436. 
ience  of  Und,  460.  465.  470.  477.  495.  503,  504. 
691.761,763. 
Teat  areas  of,  170.  790. 
Teater  than  deration,  568.  787. 
imultaneous  in  Miocene  epoch.  192. 
)f  land,  delta  of  Mississippi,  371. 
»f  coral  islands,  slow  and  uniform,  791. 
Tanean  moTements,  uniformity  of,  186. 
Dovements  near  New  Madrid,  1811-13,  370. 
if  cliih  amdermined,  309. 
ertiary  strata  of,  143. 
orlc  acid,  lake  of,  in  Java,  353. 
itreous  springs,  345. 
ra,  Toicanos  in,  854. 

inimals  destroyed  by  river  floods  in,  751. 
iwa,  subsidence  in  island  of.  1815, 464.  763. 
ishes,  transported  to  great  distances  by  ernp- 
s  of,  106. 

ariations  in  spots  of,  139. 
v  Isles  of,  volcanic  region  of.  350. 
rbunds,  part  of  delta  of  Ganges,  376. 

1  country,**  west  of  New  Madrid  in  U.  S.,  467. 
for.  Lake,  deltas  of,  353. 

i«cent  deposiu  in,  354.  768. 

ts  depth,  extent,  &c.,  354. 

mrstlng  of,  would  cause  a  flood,  156. 

K,  waste  of  its  coast,  3x7. 

,  R.,  fossils  near,  6. 

ige  Bay,  excavated  by  sea,  818. 

a,  gradual  rise  of.  530.  568. 

padual  subsidence  of  south  of;  530. 

wrtbquakes  In,  581. 

3 


Sweden,  land  rising,  193. 

See  also  Scandinavia. 

SwiUeriand,  towns  destroyed  by  landslips  in,  733. 
Syria,  earthquakes  in,  355.  453. 


T. 


Tacitus  dted,  364. 

Tagliamento.  R.,  delta  of  the,  357. 

Targioni,  on  geology  of  Tiucany,  40. 

Tartary,  volcanos  In,  355. 

Taxodium  distichum  in  Great  Dismal  Swamp,  725. 

Tay,  estuary  of,  encroachment  of  sea  in,  303. 

,  submarine  foresU  in,  303. 

Taylor,  Mr.  R.  C,  on  waste  of  clifRi.  306. 

,  on  gain  of  land  on  coast  of  Norfolk,  308. 

^— ,  on  caves  in  isle  of  Cuba,  741. 
TchihatchoCr.  M.,  map  of  Italy,  183. 
Teissier,  M.,  on  human  bones  in  cares,  &c.,  739. 
Temperature,  great  changes  in,  98. 

,  difference  of,  in  places  in  same  latitudes,  95 

,  warmer  in  tertiary  periods,  75. 

,  oscillation  of,  135. 

— .  See  Climate. 

Temples,  buried,  in  Egypt,  736. 

under  water  in  Bay  of  Baiae,  516. 

buried  in  Cashmere,  763. 

TenerUfe,  volcanic  eruptions  in,  439. 
Terra  del  Fuego,  fauna  of,  141. 
Terranuova,  subsidence  near,  470. 

,  fault  in  the  tower  of;  478. 

— — .  landslips  near,  485. 

Tertiary  formations,  general  remarks  on,  141.  182, 
183. 

,  geographical  changes  implied  by,  118. 

,  glacial  in  Scotland,  136. 

— ,  origin  of  successive  periods,  183. 
— >,  drcumstances  undo*   which   these   and  the 
secondary  formations  may  have  originated,  117, 
11& 
,  fossils  of  the  newest,  183. 

,  fossil  mammals  of  successive,  143. 

—-  formations  of  England,  76.  14:2. 

.  of  the  Paris  basin,  143. 

,  deposits,  climate  of  warmer^  86. 

Testacea,  thdr  geographical  distribution,  648. 

,  fossil,  importancelof,  183. 

-^,  marine,  imbedding  of,  768. 

,  fireshwater,  770.| 

,  burrowing,  773. 

,  longevity  of  spedes  of,  76. 

— ,  number  of  recent,  in  diflbrait  tertiary  periods, 
143. 183. 

Texel,  waste  of  islands  near  the,  838. 

Thames,  valley  of,  tertiary  strata  in,  76. 

,  gain  and  loss  of  land  In  iU  estuary,  312. 

,  tide  in  iU  estuary,  838. 

,  buried  vessds  in  alluvial  plain  of  the,  758. 

Thanet,  Isle  of,  loss  of  land  in,  313. 

Thermo- electridty,  543. 

Thibet,  yak  or  wild  ox  of,  in  ice,  85^ 

Thomson,  Dr.  T.,  on  Western  Himalaya  and  Thi. 
bet,  764. 

,  on  buried  temples  in  Cashmere,  768. 

Thrace  subject  to  earthquakes,  855. 

Thury,  M.  Hericart  de,  on  artesian  wells,  334.  286. 

TkylacoiheriMm  PrevMtiu  188. 

Tiber,  growth  of  iU  delta,  343. 

Tide  wave  of  the  Atlantic,  308. 

Tides,  height  to  which  they  rise,  379.  390. 

— ,  effect  of  winds  on  the,  395. 

.  eifecU  of,  on  wells  near  London.  833. 

,  their  destroying  and  transporting  power,  891. 

,  their  reproductive  eflbcU,  337. 

— —  and  currents,  drifting  remains  of  animals  by 
758. 
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Volcanot,  agency  of  water  in,  545. 

— — .,  mode  of  computing  the  age  of,  430. 

,  sometime*  inactive  for  centuries,  346.  421. 

of  Sandwich  Islands,  354.  373. 548.  383.  429. 

— -,  chemical  theory  of,  54& 

— — ,  mud,  447. 

— — ,  **  no  safety  ralres,"  Dana  on,  553. 

Voltaire  on  systems  of  geology,  54. 

Volterra,  Mattani,  on  fossils  of,  84. 

Von  Baer,  Prof.,  on  ftosen  soil  of  Siberia,  84. 

~—  on  ice-drifted  rocks,  231. 

Von  Buch  on  rise  of  land  in  Sweden,  523.  526. 

— .  on  volcanic  lines,  359. 

on  Tolcanos  of  Greece,  355. 

>—  on  formation  of  Monte  Nuoro,  369. 

on  Vesuvius  and  Somroa,  367.  380. 382, 383. 

— ~  on  eruption  in  Lancerote,  436. 
— —  on  glaciers,  228. 
— —  on  new  islands,  468. 

on  volcanic  regions,  346. 

Von  HoflT.    See  HoCf. 

Vulcanists  aod  Neptunlsts,  factions  of,  50.  55. 

Vultur,  Mount,  356. 

Vultures,  range  of,  643. 

W. 

Wallerius,  theory  of,  45. 
Wallich,  Dr.,  on  Ava  fossils,  28. 

,  on  wood  in  peat  near  Calcutta,  280* 

Warping,  land  gained  by,  288.  339. 
W^ater,  action  of  running,  204. 

,  its  power  on  fireexing,  204. 

— ,  excavating  power  of,  204. 
— ,  tran»porting  power  of,  204. 

,  sorting  power  of,  286. 

,  agency  of,  in  volcanos,  548. 

VTaterhouse,  Mr.,  of  British  Museum,  on  provinces 

of  indigenous  land  qiudrupeds,  631. 
Wealdeo  strata,  fossils  of.  117.  137.  140. 
Webster,  Dr.,  of  Nova  Scotia,  on  rain-printi,  202. 
W^ells,  artesian,  233. 
Wener,  Lake,  strata  near,  527. 
Werner,  Professor  of  Mineralogy  at  Freyberg.  1775, 

4G. 
— ,  his  lecture,  47. 
•~—,  on  granite  of  the  Harts,  47. 

,  principal  merit  of  his  system,  48l 

— — ,  technical  terms  of,  58. 

,  on  transition  rocks,  176. 

West  Indian  land  quadrupeds,  634. 

West  Indies,  earthquakes  in,  29.  350. 505. 

— — ,  active  volcanos  in,  350. 

Whales  stranded,  771. 

Whewell,  Rev.  Dr.,  on  modem  progress  of  geology, 

59. 

,  on  the  tides,  332. 

Whirlwinds,  violent,  daring  eruption  in  Sumbawa, 

465. 


Whirlwind,  dispersion  of  seeds  by,  619. 
Whiston,  his  theory  of  the  earth,  32. 
White  Mountains,  landslips  hi  the,  209. 
Whitehurst,  theory  of,  1778,  45. 

,  on  subsidence  at  Lisbon,  495. 

Wildenow  on  diflVision  of  plants  by  man,  626. 
— — ,  on  centres  of  vegetable  creation,  703. 
WilkinMn,  Sir  J.  G.,  on  depoaiU  of  Nile,  262. 

,  on  sand  drift  in  Egypt,  726. 

Wilson,  Prof.,  on  cosmogony  of  Vedas,  4. 
Winds,  trade.  106.  295. 

,  currents  caused  by  the,  293. 

,  sand  drifted  by  the,  307. 726. 

Wolf,  and  dog,  distinct  species,  585. 

,  hybrids  between  the,  601. 

,  drifted  to  sea  on  ice,  640. 

extirpated  in  Great  Britain,  683. 

Wollaston,  Dr.,  on  water  of  Mediterranean,  334. 
Wood,  Mr.  S.,  on  fossil  quadrumana,  144. 
Wood  Impregnated  with  salt  water  when  sunk  to 
great  depths,  743. 

,  drift,  90.  268.  640.  743. 

converted  into  lignite,  759. 

Woodward,  theory  of,  31.  34.  54.  65. 
Wrecks,  number  of,  annually,  754, 755. 

X. 

Xanthus.  the  Lydian,  his  theory,  14. 

Y. 

Yak.  wild  ox  of  Thibet,  frozen  in  ice,  85. 

Yakutzt,  frozen  soil  of,  84. 

Yaou,  flood  of,  7. 

Yarmouth,  estuary  silted  up  at,  307. 

,  rise  of  the  tide  at,  291 .  307. 

Yenesei.  R.,  fossils  on  banks  of,  79. 
Yorkshire,  bones  of  mammoth  in,  76. 

,  waste  of  its  coasts,  303. 

Young,  Dr.,  on  effects  of  compression  at  earth's 
centre,  636. 

Z. 

Zante,  earthquakes  In  island  of, '474. 
Zealand,  New,  number  of  ferns,  116. 

,  resemblance  of  plants  with  ancient  carboni* 

ferous  flora,  1 16. 

,  length  and  breadth  of,  1 16. 

Zeuglodon,  eocene  cetacea,  145. 
Zoological  provinces  how  formed,  666. 

,  why  not  more  blended  together,  668. 

Zoophytes,  their  geographical  distribution,  G53. 

,  their  powers  of  diflUsion,  654. 

•— .,  abundance  of,  706. 

— ,  which  form  coral  reefs,  776. 

Zuyder  Zee,  formation,  328. 

-*— .  great  mosses  on  the  site  of,  327. 
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